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Preface
Tervetuloa Tampereelle, Suomeen ja ED-MEDIA 2001!
Welcome to Tampere, Finland and ED-MEDIA 2001!

This is the thirteenth annual ED-MEDIA conference. While 13 is supposed to be an
unlucky number in some societies, we believe that we don’t need luck to promise you the
best ED-MEDIA conference ever. We have been successful in attracting outstanding
keynote speakers who represent both Academia and Industry. The papers are of widely
varied interest AND all are of excellent quality. The industry tours will show you what
the future holds, and the social program is exciting and novel — especially for those of us
who are attending from outside of Finland. We hope that by the end of the conference
you’ll agree that you don’t have to be lucky to be outstanding.

ED-MEDIA is routinely held in a different country with Finland being the 5th country to
host the conference. This emphasis on being an international organization, the quality of
the presentations, and, most importantly, the quality and diversity of the attendees has led
to ED-MEDIA being considered the best of many such conferences in the world with
attendees coming from more than 60 countries this year.

We are very proud of the program that we have put together this year. This, of course, has
nothing to do with us, but is a product of the many excellent papers, panels, workshops,
tutorials and poster sessions that were proposed. Each of these went through a rigorous
review based upon: relevance to the conference, originality, clarity/quality of English,
references, length of the paper, and the potential value/impact of the research or the
development presented. We selected approximately 450 long and brief papers as being of
high enough quality for presentation at this conference.

As you review the papers, you’ll see a several common threads along a number of
dimensions: :

¢ discussion of technological tools varying from presentation of a new tool through
the application of a commercially available system;

¢ new applications of technology varying from neural networks through assistive
devices;

e using technology to support different educational methods from collaborative
knowledge building through developing individual thinking skills and; of course,

e applications of technology in almost every discipline one can imagine.

Similarly, there are 7 panel sessions, 11 tutorials and workshops, and 180 poster sessions.
In each of these areas, there is a wide range of topics covered, but the quality of the
presentations is uniformly high. Finally, due to the international reputation of ED-
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MEDIA, we have been able to attract Keynote and Invited speakers who really are
representative of the best our various disciplines have to offer.

This year we are awarding Best Papers in both student and “open” classes. Selection of
these best papers was extremely difficult. In the “open” class, we considered only those
papers that received an average mark of 4.67 (out of 5) or greater by review teams of
(usually) three members of our international Program Committee. Twenty-six papers met
these criteria. We (the Program Chairs) then undertook a blind review of these papers and
rated them independently. When we compared our evaluations, we had achieved a virtual
match on the best papers. A similar process was followed to evaluate the student papers.
If you have any fears about the quality of the students in our field today, we challenge

you to perform a blind review of the best papers in both classes, then attempt to divide
them into student and “open” class.

ED-MEDIA is organized by the internationally respected Association for the
Advancement of Computing in Education (AACE). The work of the Program Committee,
the reviewers and the Program Chairs is greatly eased by the tremendous work that the
AACE staff performs. This year, we received over 1100 presentation proposals from 60
countries. The submission, review and evaluation process is handled by AACE’s
technically advanced Web-based system. This year saw the introduction of the next
generation of this system, which was designed to make the submission, review, and
notification process even easier. As professionals working in this field, you are well
aware that no new process works perfectly when it is first implemented. We were very
pleased that the new system worked extremely well, butif you were one of the few
people who did encounter a problem, we know you understand, but we still offer an
apology. Be assured that any problems are being corrected and additional useful features
are being incorporated. Also, while this conference was being or ganized, AACE moved
their headquarters office. Again, it was amazing that this move occurred with almost no
visible effect on the organization of this conference. We would also like to thank the
technical and administrative crew who work behind the scenes (and sometimes in front of
a restless, yet appreciative, audience) for their tireless efforts in coordinating and
managing the huge number of administrative functions and technical requirements that a
conference like this necessarily involves. On behalf of the Conference committees and
you, the conference participants, we wish to thank Gary Marks and the AACE staff
including Marianne Williams, Jennifer Gwaltney, and Jerry Price for their support in this
massive endeavor.

As Conference Program Co-chairs, we have been aided considerably by a number of
volunteers and helpers who have given tirelessly of their time. In particular, we must
thank the Conference Steering Committee of Erik Duval (Chair), Betty Collis, Shelly
Heller, Gary Marks, Ron Oliver, and Ivan Tomek who led and coordinated the
conference this year. We would like to thank the Chairs of the various Program Sub-
Committees: Ron Oliver, Panels Chair; and Sam Rebelsky, Tutorials/Workshops Chair.
Finally, we would like to thank the 71 members of the international Program Committee
who provided timely and insightful reviews without complaint and little credit.

The University of Tampere and its Hypermedia lab are more than proud to host this
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year’s ED-MEDIA. We thank all of you for being here and, of course our partners and
colleagues for making this all possible. Ms. Carolina Pajula and her planning team in
Tampere have done a greatjob to make ED-MEDIA 2001 an enjoyable event for all of
us. As you will notice during the conference, a good number of e-Learning experts from
Finland are working with us. They are more than happy to share ideas and experiences
with you. As you now are visiting “Nokialand,” we hope that you also have time to look
around this lovely city and country. The city of Tampere has announced that it will be a
leading city of information society development in the world (www.etampere.fi) together
with its partners the University of Tampere, Technological University of Tampere, City
of Tampere, and others. Challenge us, cooperate with us, and especially enjoy your time
as our honored guests.

We look forward to meeting with you during the conference. Remember to spend time
talking to colleagues from previous ED-MEDIA conferences and make some new friends
— the informal program sometimes can have greater rewards than the formal program.

Perhaps you will develop a new collaboration that you can report on at ED-MEDIA 2002
in Denver, Colorado, June 24-29, 2002 or, if you wish to plan further in advance, at
ED-MEDIA 2003 in Honolulu, Hawaii, June 23-28, 2003.

Program Chairs:

Jarmo Viteli
University of Tampere, Finland
(jarmo.viteli@uta.fi)

T. Craig Montgomerie
University of Alberta, Edmonton, Alberta, Canada
(craig.montgomerie@ualberta.ca)
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Dialogic Knowledge Construction as the Crucial Issue in Network-Based
Learning in Vocational Education

Helena Aarnio and Jouni Enqvist
Vocational Teacher Education College
Hime Polytechnic
Finland
helena.aarnio@hamk fi jouni.engvist@hamk.fi

Abstract: The VETO-project is part of the National Strategy’s goals in order to provide good
learning opportunities through the use of networks in vocational education in Finland. The
methodological strategy is action research. This paper presents some essential results of the ongoing
project. The main idea in this project have been to construct a dynamic dialogic model for leaming
and knowledge construction on the net. In this paper, the basic grounds of the model are described
and a tentative model is introduced. The results already available of this project show that it is
necessary to develop further pedagogy for dialogic knowledge construction on the net in vocational
education. Vocational teachers and learners need cognitive tools in order to be competent on the net.
The new learning platforms on the Internet are technically fairly good and versatile, but teachers and
learers do not know yet, how to use them pedagogically adequate.

Introduction

The VETO-project is part of the National Strategy's goals set out by the Ministry of Education to develop an
Information Society Program in Finnish schools. The goals of the national strategy are to provide basic skills to
everybody and life long learning opportunities through the use of networks in studying and teaching. Vocational
education has an important role in Finland, and the high level of the technological infrastructure in Finland is utilized
effectively in vocational education. Learning environments are extended outside the classrooms, and this demands new
pedagogical models of teacher action. Learners will engage in and become inspired by learning activities if they think it
makes sense (Enqvist 1999).

Many researches show that teachers should be trained both in information-communication technological (ICT)
competence and in how to use the network-based environment in a pedagogically skilful way (Hakkarainen, Ilomiki,
Lipponen & Lehtinen 1998). The traditional methods of teachers are so deeply ingrained in their minds that itis
difficult for them to learn to construct active and workable situations and processes for learning. Network-based
learning environments provide a forum for authentic learning and interpersonal interaction with members of the
learning community (see e.g. Lave & Wenger 1991; Harasim , Hiltz, Teles & Turoff 1995; Wenger 1998;), peers, and
experts. What must a teacher do and how does she or he achieve the competence to allow the worlds of teaching and
learning to meet one another? According to many researchers (Harasim et al. 1995; Warschauer, Turbee & Roberts
1996; Anderson & Kanuka 1997), making good use of the possibilities of interaction and learning on the net produces
positive learning experiences.

Producing and Sustaining Authentic Learning in Learning Communities

How can we arouse a real desire of learning and joy of working in the students? The process of passion for learning can
proceed, according to Enqvist (1999, 275-277), from an interesting, authentic assignment involved with problem
solving and inquiring learning. In vocational education, it is really not difficult to find authentic assignments connected
and involved with vocational training.

The significance of social interaction and dialogue in learning, emphasized by Vygotsky (1962; 1978), is crucial in this
research. The social interaction is essential to construct knowledge and mastery as well as to get comprehensive and in-
depth processed learning outcomes in ICT learning environments (Scardamalia, Bereiter & Lamon 1994; Brown &
Campione 1996; Salomon & Perkins 1996). Especially when studying and training vocation and profession, it is
important to take into consideration a number of implications derived from Vygotsky’s pedagogical thinking by Wells
(2000, 60-61). These are:1) The classroom is seen as a collaborative community; 2) Purposeful activities involve whole
persons; 3) Activities are situated and unique; 4) Curriculum is a means, not an end; 5) Outcomes are both aimed for
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and emergent; 6) Activities must allow diversity and originality. Wells (2000) emphasises the importance of the values
of inquiry, dialogue, and community.

The notion of a zone of proximal development (ZPD) presented by Vygotsky (1978) is crucial in learning and through
that the support of leaming can be made adjustable. On the net, this means that it is possible to make learners’ thinking
transparent so that the teacher can see what kind of tutoring students require in problem-solving situations just at a
certain time. The scaffolding metaphor arises from the notion of ZPD (Dillenbourg 1996). A teacher has a big challenge
in scaffolding;: she or he has to search an optimal model of action, by means of which she or he can promote the
learning processes. The opportunity exists, but in order to succeed, in learning collaboration much interpersonal
interaction is required (e.g. Bullen 1998; Harasim et al. 1995). Teachers need a model in order to manage learning /
teaching situations on the net.

The participators in the learning collaboration can be thought of as cognitive apprentices (Brown, Collins & Duguid
1989), who may increase their knowledge and competence with the assistance of the teacher, peers, and the experts at
their disposal. Cognitive apprenticeship supports the learning of professionalism by developing students’ "conceptual
understanding through social interaction and collaboration in the culture of the domain, not of the school" (Brown et al.
1989, 40). It is especially interesting when the learner can be justified to participate in the activities of some community
of experts on the net. Then, one can talk about "legitimate peripheral participation” (Lave & Wenger 1991).

Dialogue in Network-Based Learning

An accepted fact is that in network-based learning, teacher, other experts, and learners form a community where,
hopefully, conversation is purposeful, relevant, and fruitful. Dialogue is a type of conversation to achieve these aims
(Aamio 1999). Dialogue as a concept is very complicated and the lay opinion of dialogue is not enough to develop
conversation in a network-based environment. According to Bohm (1996, 6), dialogue means “the flow of meaning
between or among us”. Isaacs (1996; 1999) emphasizes that dialogue does not mean just talking. It is important to ’
distinguish dialogue from the general types of conversations.

Jenlink & Carr (1996) speak of four types of conversations common in educational settings, viz. dialectic, discussion,
dialogue, and design. Discussion conversation is the forum in which many of us advocate our own individual position.
Dialogue conversation is a conversation where meaning is constructed through sharing. Dialectic conversation focuses
on framing a logical argument for distilling the truth. Design conversation focuses on creating something new. Lave and
Wenger (1991) believe that an experience can be pedagogically valuable only on one condition: the experience does not
consist of individually stored memories, but is primarily comprised of complex interactions and dialogue in the
community. A network-based environment is good for this kind of work, where the participants are able to share their
knowledge and at the same time contribute to each other’s construction of knowledge and competence (Comstock &
Fox 1995; Stacey 1999). According to Bohm (1996), it is worth remembering that the word “pa

meanings: “to partake of” and “to partake in”. Receiving is as important as contributing.

Responsiveness is very important in the construction of dialogic knowledge and the construction of the meaning
happens collaboratively in the act of speaking following one each other (Wells 2000). Bereiter (1994) proposes the
word "progressive discourse” in describing the process in which sharing, inquiring, and checking of opinions will shape
new understanding.

According to Bohm, Factor & Carret (1991), dialogue is a powerful tool to understand what, actually, is thinking as a
process. Factually, all of this knowledge that we have in mind, is transparent in a thought and this knowledge mediates
in a thought. We need a tool that will make the process of thinking a little bit slower with the aim of being able to
perceive the thinking process at the same time. The skill to find out how somebody is thinking and how she or he
explains her or his action (Aarnio 1999, 20-22) could be one method to slow down the process of the thinking. If one
has this skill, one can help somebody make her or his thinking process transparent, and at the same time, one is able, as
a listener and speaker, to look at one’s own process of thinking, namely, what it is like and how it proceeds. In a
network-based learning community, one has good chances to develop one’s thinking skills through dialogue.

If teachers have the competence to help the learner to open conversation, to inquire and to open so called ‘hot words’
and utterances, and to express the thinking process on her or his own, which is at that moment incomplete and just
getting form, then they will find continuously new paths to promote dialogue. Aarnio (1999) noticed that the student
teachers had plenty of difficulties in dialogue, especially in inquiring, in a network-based environment. The facilitators
of the dialogue are needed in a network-based environment and participants are assisted at creating dialogue and
knowledge construction collaboratively by facilitators. A skilful e-moderator (Berge 1995; Paulsen 1995; Berge &
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Collins 2000; Salmon 2000) is able to take the participants into dialogue according to the situation and is also able to
continue the dialogue appropriately. Senge (1994) points out that when one can perceive and experience the meanings
flowing in a situation and one is able to find out just that thing, which has to put into words, it is an indication of the
excellent competence of dialogue. That's why the e-moderator in network based learning should be very sensitive to
activate and stimulate the dialogue.

Purpose

The National Board of Education, University of Tampere and Hime Polytechnic, Vocational Teacher Education
College and several vocational pilot institutes located at different regions in Finland are involved with the VETO-
project. The VETO-project was started 1.5.2000 and will continue until December 2001. The main goal of this VETO-
project is to create the dynamic dialogic model for network-based learning to benefit the needs of vocational education
and learning on the job. In this article we like to consider two important questions, which are part of our research
problems of VETO-project: 1) What are the elements of the dynamic dialogic model for network-based learning in
vocational education?; 2) What kind of competence teachers and teacher students have in inquiring as a part of dialogic
knowledge construction? We describe some important results and implications we have found out.

Design and Methods

The background of the themes of the VETO-project is based on the results of our earlier researches (Aarnio 1999;
Enqvist 1999). We have noticed as teachers in vocational teacher education how difficult it is for teacher students, as
well as in-service teachers, to construct learning situations that support problem solving, inquiring, and intensive
dialogue in traditional learning and teaching, to say nothing of learning and teaching on the net (Aarnio 1999; Enqvist
1999). The starting point of the VETO-project was the course called "Network-based learning environment as a field of
dialogue and learning", and it was organized for 30 vocational teachers from different domain during 5.5.2000 -
9.9.2000. The whole research project was divided into three stages: 1) The orienting and planning stage for the summer
and autumn 2000; 2) The applying and constructing stage for the spring 2001; 3) The applying and evaluating stage for
the autumn 2001. One of the outcomes of the first stage was a tentative model of network-based learning for vocational
education. In the second stage the model has been restructured and improved on grounds of the empirical data that have
been collected during research process. The observations in this stage indicate that there is a need to investigate
teachers’ and teacher students’ competence of inquiring as a part of dialogic knowledge construction. Just now the
process is in the middle of the stage 2, and that’s why the results are tentative.

The strategy of this research project is action research by nature. This research is involved with practical issues, the kind
of issues and problems, concerns and needs, that arise as a routine part of activity 'in the real world'. Specifically,
practical orientation has remained a defining characteristic of action research. This research has the central features of
action research (see Kemmis 1995). It is characteristic of action research that the data is collected by many various
mixed methods during the process: e.g. questionnaires, interviews, observation, and documents.

Results

Main result 1

The course "Network-based learning environment as a field of dialogue and leaming" was organized for 30 vocational
teachers during 5.5.2000 - 9.9.2000. The open question for the course participants (n=30, full time teachers) after the
course was: How has this course improved my understanding concerning of the dialogic knowledge construction?

The answers of the participants to the open question reflect widely the improved comprehension of this subject area.
The participants reflected the importance of the competence of dialogue. Many of them told that they have not been
able to think that dialogue is very demanding and learning of dialogue requires a lot of conscious training and great
effort. One of the participants answered: "My understanding of the meaning and the practice of dialogue has been
opened so that I am able to evaluate conversations in practical situations in a new way." His peer caught the point in

- another way: "This has shown to me how long the process to change myself as the teacher is with dialogue into e-

moderator of the dialogic learning.”

From the participants point of view it was very useful to learn to pick up so called ‘hot words’ or utterances as a critical
skill of dialogue. One participant said that "it was very insightful to make inquiring questions and to open the ‘hot
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words’ and the other one emphasized "the inquiring method with ‘hot words’ is a very crucial help in conversation on
the net..."

The contribution of dialogue makes the learning process different on the net. One participant formulated this idea:
"Learning and teaching on the net is entirely new to me. I advanced when I noticed the advantages, which follow after
the thinking process has been made transparent and public...On.the net it is really possible to get authentic thinking
together instead of the change thoughts." The peer participant described the same thing in this way: "Collaboration is
possible on the net, the students are able to work out things together and to create new common understanding."
Dialogue also helps students on the net in general: "When the dialogue is going, it is easier to find out the difficulties of
the student and the results of learning are better.” One participant had very interesting comment: "/ earnestly believe
that the net is a possibility and an answer for many situations as a field of dialogic learning ...To my great surprise I
think the net as a human and warm friend, which helps me to mediate my thoughts, hopes, experiences etc. to my
peers.”

It is professionally very demanding on the teacher to engage students in dialogic knowledge construction on the net and

to facilitate students in their leaming processes. The participants reflected these aspects critically and here are some
examples of their reflections:

“In the learning processes on the net it is important to set realistic aims and to structure the course very clearly..."

“It is necessary to study to use dialogue with the students and to understand the nature of dialogue before a teacher can assume that
the process can start and is progressing well on the net....

“The meaning of the dialogue is really crucial on the net. How does the conversation start, how does it go on, how is it directed, and
how can you influence the dialogue as a conversationalist and as a tutor.”

“The teacher’s role in sustaining learning process in the group is essential... By means of dialogue on the net you can catch up with
the students very easily or loose them as well - you have to be attentive...”

“The course has facilitated me to get clearer idea how fo use dialogue in order to solve problems together.”

The students brought up also that learning on the net must not be a digital version of a correspondence course, and the
function of the net is not merely to give out material and many kind of tasks or assignments.

Conclusions 1

The answers of the participants indicate that dialogue has become a useful tool to carry out leaming on the net. The
participants comprehended the nature of a text or other symbolic language; it is a source to joint comprehension and
knowledge construction. A text can be like a ‘treasury’, full of unfamiliar knowledge that leads you to new
combinations of issues or to new insights. So called ‘hot words’ help to open that ‘treasury’. The val

words’ can be seen by means of inquiring the meanings which are hidden back of the words. The participants
understood that dialogic knowledge construction brings along something that nobody knows before.

The participants were satisfied with the things they learned on the course. Their realized that the mastery of dialogue,
the construction of meaningful learning process and structuring the process on the net as explicit as possible, are skills,
which cannot be compensated with any other skills. The professional skill of a teacher as a facilitator of dialogue and as
a “scaffolder” on the net, demands efforts in order to evolve. The traditional working model of teachers and the
monological style of conversational culture, cannot be relied. An attitude of inquiring and explorative talk that will
promote learning, was difficult to them.

To sum up, it was demanding for participants to act purposefully in WebCT-learning platform; they have to struggle
hard to catch the collaborative idea of dialogue; and they need a lot of help and tutoring in order to become good
facilitators of dialogue, “scaffolders”, and constructors of meaningful and enthusiastic dialogic and inquiring learning
processes.

Main result 2

Because, as we have seen above, the inquiring dialogue is a difficult way to work for teachers, it was important to find
out what kind of inquiring questions the vocational teacher students (n=298) could bring up fairly spontaneously on the
net in order to help a case example, student (A), to continue her online learning. All these teacher students were
studying in Hime Polytechnic, Vocational Teacher Education College and the mail lists and WebCT learning platforms
were set up for them. Before sending the proper open question, one preliminary information message was sent to them
via e-mail, four days before the proper message. So the students knew to wait some important task message and they
knew that when they opened the proper message, they would have only 15 minutes time to perform the task and then
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send their answers back to the researchers. So the situation was spontaneous enough. 80 reply-message answers were
received via e-mail on time.

The teacher students were asked to imagine themselves as an online teacher of the student (A). In the task, there was
given an example message written by the student (A): “The very first day in the world of Internet and e-mail. I feel myself
chaotic. It seems that it is difficult for me to face things I don't understand at all. I am distressed, I feel like crying and I feel

- depressed.... My student fellows have sent an e-mail message to me, but I cannot find it in my computer. I don 't know, where I find it.

Otherwise, even the simplest operations in the Word- text processing program seem not to be coming to my mind at the moment. Just
now, I would like to leave off that job. This feeling of mine has come out also in other awkward and difficult situations. I have to
work with this feeling by myself- How is that?”

Now the teacher students were asked to make 5-8 questions to the student (A), so that the teacher students would find
out the train of thought of the student (A) and in order to help the student (A) to make progress. It is very important to
notice that the teacher students were asked to make only questions, interrogative sentences, not any piece of advice or
something like that. The findings were interesting.

In the answers of the respondents (n=80), there were given 565 reactions and only 135 of them (= 23%) were pure, open
questions, without any preassumptions or proposals for the arrangement of the matter. All the other reactions (77 %)
were either narration of teacher students’ own range of thought and world of experience, emotional support or closed
questions. The closed questions lead us into ‘either-or’ —type of answer giving, or they contain either a proposal of the
questioner in order to work out the situation or an interpretation of the student’s condition or an interpretation of his/her
way of doing things. Then, because the questions are not open, the student’s train of thought and starting points will not
be found out but they will be stayed unknown. The answers contained a lot of instructions, own ideas or experiences in
related situation and interpretations, in other words illusions about the condition of the student (A), although they were
asked only to make questions to the student (A), who needed help. Only 2 respondents of 80 understood the idea that
scaffolding will succeed when a teacher has patience to start from student’s train of thoughts.

{

Conclusions 2

The teacher students use either closed questions or questions which emerged from the expectations and assumptions of
their own. They have also tendency to guide and tutor the student, who needs help, based on the teacher student’s own
thoughts, experiences and illusions. However, the open problem solving requires the skill of collaborative thinking and
thus it should be able to keep the situation appropriately open for the new collaborative thinking. The open and pure
questions that familiarize with the train of thoughts of the other, would take in that collaborative direction.

Dynamic Dialogic Model for Learning and Knowledge Construction on the Net

Finally we will present our dynamic dialogic model for learning and knowledge construction on the net in vocational
education. Our model is some kind of synthesis of long lasting action research processes since 1996, when we started
our earlier action researches (e.g. Aarnio 1999; Enqvist 1999), and ending to the ongoing VETO-project. The model is
formed as a result of 1) these earlier action researches; 2) interviews and discussions with teacher trainers in Hime
Polytechnic, vocational teachers and students in the pilot institutes; 3) the course ‘“Network-based learning environment
as a field of dialogue and learning” for vocational teachers (main result 1); 4) e-mail open question for teacher students
(main result 2); and 5) the theory of dialogue and dialogic knowledge construction. VETO-project will continue to the
end of the year 2001, and the implementing and testing of the tentative model has been started up and will continue in
vocational education.

This model includes the essential elements of the learning and dialogic knowledge construction on the net. The model is
dynamic and the progress is cyclic. It helps teachers and learners to identify the critical points or stages in the learning
process on the net. ( In this paper, there is no room for more details and explanations.)

Teacher activities on the net: 1. Starting up learning process; 2. Assisting in finding and focusing learning problems;
3. Coaching learners; 4. Structuring learning process; 5. Assisting in searching for and finding information on the
Internet; 6. Scaffolding learner groups in the learning platforms; 7. Inquiring about learners’ train of thought and
semantic contents of learners’; 8. Nurturing and caring for community of learners; 9. Participating the process of
evaluation.

Learner activities on the net: 1. Becoming acquainted with the world of Internet and the learning platform,
2. Searching for and designing vocational inquiring (study) problems; 3. Exploiting sources of information; 4. Problem
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solving and knowledge construction; 5. Specifying objectives of vocational skill and knowledge; 6. Knowledge
construction according to dialogic inquiring learning; 7. Use of inquiring way of action; 8. Wondering and finding new
tracks to continue dialogue; 9. Nurturing and caring for community of learners; 10. Developing vocational practices;
11. Evaluating improvement of vocational practices.

The results already available in this project show that it is necessary to develop further network-based learning and
pedagogy in vocational education. The new learning platforms on the Internet are technologically fairly good and
versatile learning environments, but teachers do not yet know how to use them in a pedagogically adequate manner. Our
aim is that this dynamic dialogic model promotes learning and knowledge construction on the net.
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A tool to practice formal proofs
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Abstract: This paper presents a Logic Tutor, a tool to support computer science students in their learning
of logic, more specifically in their learning of formal proofs. The current tool is equipped with a deduction
system for propositional logic. However its modular conception makes it easy to change to another logic.
Preliminary evaluation shows that this tool has a high educational value, thanks, among others features, to
its simple, attractive interface and its specific error messages. The Logic Tutor will be integrated in our
Logic teaching course in 2001.

Introduction

For a few decades now, computers have played an increasing role in education. They provide a more or less
personalised environment where the learners can practice at their own pace, have access to tutorial lessons, be given
explanations and feedback on their performance and so on. Intelligent Tutoring Systems, which make use of
Artificial Intelligence and Cognitive Sciences, are a popular target but also require a lot more effort to build. On the
other hand, non-intelligent but well-designed systems can also be educationally excellent [1,2]. This paper presents
the Logic Tutor, a well-designed program with an attractive interface. It has intelligent features such as the expertise
to apply rules of inference and laws of equivalence, as well as a certain level of adaptability to the user.

Students learning formal logic have to understand how conclusions can be derived from a set of premisses using
logical rules [4]. The increasing numbers of students in computer science make it difficult to provide enough human
tutors to assist students in this part of their learning. Existing tools for practicing Logic have not matched our
expectations, mainly because their GUI had high barriers to initial use and did not provide enough feedback to the
learner. This led us to design our own tool. The Logic Tutor presents exercises of formal proofs in propositional
logic, checks students’ answers and provides step-by-step feedback.

Educational value in the Logic Tutor is achieved by five means. First the Logic Tutor provides step by step
feedback. Each time a student enters a line of the proof, the line is checked for correctness. In case of mistake,
extensive explanation is provided by the use of a 'cascading mistakes' principle. Second, several levels of help are
provided, ranging from a quick start button, to a handy reference to rules of inference, and a tutorial on proof
strategies. Third, the history storage provides students not only with the exercises they have done or attempted, but
also with statistics on their mistakes. Fourthly, files of exercises may be easily created with a possibility of
comments, hints, and partial or even complete solutions. Last but not least, the Logic Tutor has a simple and
attractive graphical interface. Simplicity means that the barrier of learning how to use the program is almost non
existent. Attractiveness, enhanced by a possibility of changing the look and feel, means that students have pleasure
in using the program.

Description of the tool

The Logic Tutor is written in java, which makes it a portable tool. The main modules are the user interface module,
the student module and the logical system module. The interface module makes use of the java swing library. The
student module stores information specific to the student’s use of the tool. It records all the attempted exercises
along with mistakes. The logical system module is divided into two sub-modules, the verification module and the
mistake module. The verification module has the logic expertise and checks the correctness of a student’s
deductions. The mistake module is articulated to a database of mistake patterns, which is used to produce proper
feedback when a student error occurs. This modular design makes it easy to change the logic, as only a few classes
are affected. The plug-in of another logic has been successfully tested.

Handling of mistakes

Each logical system, presently the propositional logic system, stores a database of mistake patterns. Whenever the
student uses a rule incorrectly, the mistake database is interrogated to find the type of mistake made. The code that
checks for mistakes when deductions are entered is thus independent of the logical system the student is currently
operating.
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This was an invalid application of Modus Tollens
Look into using line references (0,2) instead.
Fig 1- Invalid lines error message appearing in the mistake viewer.

When students make mistakes, they have quite often made more than one error. This lead to the principle of
cascading mistakes. First it is checked that all the fields in the answer are filled with the right type of data. Then the
formula is checked for its syntax. Then the real cascade in the derivation begins. The lower level represents general
mistakes like incorrect line number and invalid application of the rule. This level is illustrated by Fig 1: the expert
module detects that Modus Tollens can be applied, using lines other than those provided by the user. The higher
level of mistakes deals with more specific mistakes, like the use of Simplification without Commutation to deduce
the right hand side of a conjunct.

All mistakes are context sensitive, which means that explanations are adjusted to the current exercise. Fig 2 shows
the explanation provided when the student uses Simplification before Commutation. The student concludes R from
((P->Q) & R) giving Simplification as justification. However Simplification, in the present logic system, has the
form ‘from (A&B) deduce A’. Thus commutation is needed before R can be deduced. The mistake module uses the
original formula to construct an explanation detailing how only the left-hand side can be deduced by simplification.

This was an invalid application of Simplification
You need to apply And Commutation to ((P->Q) & R) before you apply Simplification- since
Simplification only lets you deduce the left-hand side: (P->Q).
We can apply Simplification only a different way.
The correct application produces (P->Q).
Fig 2- Explanation provided when Simplification is used on the right side of the formula.

A careful analysis of mistakes made by students leads to the organisation of the database mistakes according to
patterns. Currently the database has 50 patterns. Two patterns are given as example below.

Incorrect Justification Pattern: this mistake looks at the deduction and can determine that the user meant to use, say,
Commutation, but confused the name with Association.

Incorrect Line of Reference Pattern: this mistake picks up typing errors when the user enters the line number
references. It will inform them of the correct line numbers by printing " Try using (1, 3) instead", for example.

Conclusion

Summing up, the Logic Tutor is a tool to support students in their learning of formal logic, and more specifically
formal proofs. It cannot yet be classified as an intelligent tutor. However, it has intelligent characteristics. It can
adapt to the user by the possibility of changing the look and feel of the interface. It possesses an expert module that
enables it to apply rules of inference and laws of equivalence of propositional logic. Moreover its feedback takes
into account the inputs of the user, and the explanations provided, in many cases, are as enlightening as the ones
provided by a good human tutor. Preliminary qualitative evaluation, which was conducted with students who took
the Logic course in 2000, provided a very encouraging feedback.

Immediate future work includes the extension of the database mistakes and the addition of a dynamic exercise
generator. This will improve even more the educational value of the tool, both for the student and for the lecturer.
The Logic Tutor already provides the learner with the possibility of consulting her/his history using the system.
Building on that, a proper learner model, i.e. with insight in the knowledge level and difficulties of the student, is
planned to be added the Logic Tutor. This learner model will make use of MOST, a skill acquisition model [5] and
maintain the present “scrutability” as it can help the learner to learn better [3].

Finally, our present logic course is being redesigned to include this tool at the teaching level, the training level and
the assessment level. Extensive qualitative and quantitative evaluation will be conducted then and meaningful results
should be obtained as nearly 500 students enroll in this course.
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Abstract: This paper describes the development of an interactive online teaching and leamning
system model. Built first as a scoping and costing instrument, it has been transformed through use
into a tool for systems integration.

At JCU an initial project set out to answer the questions: Do we need a system to delivery learning
materials? If so, what / what else do we want that system to do? Should we build or buy a system?

A system model designed to model user paths assisted in the decisions about architecture, and
further, the decision to buy rather than build.

Following a recommendation in March 2000 to purchase the Blackboard system, the system
model has been re-purposed as a tool for the next stage of the project, which is integrating the
selected course delivery platform with information systems, student management and
administrative systems.

This paper will be of interest to institutions engaged in or investigating integration of a course
delivery system.

The search for an online system at JCU

In 1999 James Cook University’s Teaching and Leamning Development Program conducted an evaluation of online
teaching and leamning systems with a view to selecting one to enhance course delivery at the university.

A comprehensive website describing that Research and Evaluation of Online Systems can be found at
http://www.tsd.jcu.edu.au/develop/survey_re/. Throughout 2000 the website provided information about the search
for a system, compiling in one place:

e afull overview of the project (context, review of the literature, project plan, resources)

e asurvey tool for staff input

e atrial online course developed in a range of systems as a means of comparison of systems and

e aweb database of gathered information about system features, sites, capacities.

In March 2000 a report and recommendations for the adoption of online delivery went to senior management.
Beginning with the recommendation of specific software (Blackboard 5 Level II) it progressed to strategies for full
implementation. The report and its recommendations can be found at the above URL. Through 2000 the website
grew, updating the JCU community on the progress of the project. Although its use has passed, it remains a useful
resource possibly of interest to other institutions engaged in a similar research and evaluation exercise.

Development of the interactive system model
One aspect of the project which has transformed over that period is the development of an interactive system model.
Built first as a series of HTML pages, it was useful first as a starting point, for scoping and costing a home grown

system. It has since been re-purposed as a tool for the next stage of the project, which is integrating the selected
course delivery platform with information systems, student management and administrative systems.
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Build or Buy? The model from scoping and costing tool

We found that systems, like any commodity, can be either home-built, built to specification by an agent, or bought
off the shelf, At the research and evaluation stage of this project it was felt important to investigate costs of building
a system using university resources. This was because although there are strong reasons for purchase of an off-the-
shelf system for online course delivery, there are many successful instances where universities develop a system
themselves. It was evident that home-grown systems are often more tailored to a university's specific needs.

It was seen as necessary therefore to scope construction of a system at JCU. Although the exercise excited interest in
the IT Resources department, it was difficult when speaking to others including programmers to convey an idea of
desired system ingredients without a graphic representation. To this end a system model was designed as an
interactive diagram reflecting each part of the system, in prototype. This system model includes basic componentry,
specifically what JCU would want in a system. It is a use-case that takes the user - portals users in fact - through a
range of pathways to fit their needs. It can be found at
http://www.tld.jcu.edu.au/general/survey_re/My_JCU/siteols.html It is a useful tool for estimating costs as it allows
more accurate scoping of construction and therefore costing of components and the whole.

We decided not to proceed to build a system ourselves but to purchase Blackboard 5 Level II.
Transformation of the model to integration tool

The next level of purchase, Blackboard 5 Level III provides at additional cost the required APIs and consultancy for
institutional tailoring: that is, integration with JCU systems of information, student administration and course
delivery. We are now looking at the costs of that integration, whether to purchase the consultancy or to do the
integration in-house. The system model is now a low-key but practical aid to assessing the scope of integration. At
time of writing it describes generally - possibly inaccurately - some relationships between JCU systems.

Benefits of the system model

As an interactive use-case it expresses what each part would actually do. A number of different users with different
needs can walk through the system and test the parts. Its interactivity is its validation as a system and will be a useful
means of eliciting from all stakeholders an accurate view of what they want in their part of the system.

It will provide a context when working with reference groups from the main system areas, in fleshing out what we
want in that integration. It will elicit feedback by inviting ideas about what the system should do at each point. It
will provide a useful vehicle for technical and non-technical administrative personnel to describe the transactions
that occur in universities, such as student enrolment flows. It highlights the need for focus groups to work in certain
areas as sub-projects.

It is not entirely a descriptive model as it looks forward to what could be, rather than describe what exists.
Information and student administration systems at JCU will be replaced and upgraded in the years ahead, and an
accurate system model could never be static as it needs to reflect continual operational change and expansion. It
already highlights existing work-flows and arrangements that will need to change and become more efficient.

It is a useful exercise for any institution. Each institution will come up with an entirely different system model, one
which reflects its specific needs. Other stakeholders could be added as discovered to the dummy 'portal’ - €.g. the
business selling its product to the university, with its specific pathway and requirements.

Conclusion
As an innovative example of organisational design method and a useful means of testing user pathways through a
system, with possible benefits to costing and project management, the system model may interest other universities

engaged in the process of development and integration of a course delivery system that meets the needs of all -
learners, academic staff and administration.
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Abstract: This paper presents the preliminary results of a pilot project on Internet based Subject
Registration System. The system allows the students to register for their relevant subjects through
Intranet or Internet via any web browser. The system was developed using web programming
languages such as html, VB script and ASP (Active server page). The system has been tested
successfully on Degree Students of Faculty of Electrical Engineering, Universiti Technology
MARA (UiTM) for three phases. The first phase involves only semester two Degree students while
the second and third phases involve all degree students. The Internet-based Subject Registration
System has managed to ease out congestion and found to be very efficient as it reduces faculty's
manpower and resources.

1. Introduction

Rapid advancement in Internet based applications and the wide usage of World Wide Web (WWW) has led
to many challenges in information technology (IT) globally. The dawn of the new millennium has seen the births of
numerous internet based applications as people are more geared toward borderless environment and communication
anywhere anytime.

The trend is of no exception to Malaysia. The IT growth is made more rapid by the government’s immense
interest in promoting its advancement through the famous Multimedia Super Corridoor (MSC) programme [1]. MSC
becomes the nation’s catalyst to the multimedia industry so as to provide an efficient information service in business
organisation as well as the general public. Organisations have invested millions of ringgit in upgrading the
infrastructures and resources to be at par with their counterparts locally and internationally.

Educational organisations are also affected by this technological evolution. New IT techniques are
incorporated in their learning methodology such as web based learning (WBL) where traditional classrooms are
replaced with multimedia applications[2]. Besides the revolution in learning methodology, various on-line
information systems are developed using internet based technology such as student information system, financial
system and administration system [3].

Thus, the Faculty of Electrical Engineering of the Universiti Teknologi MARA (UiTM) has taken a bold step in
embarking a pilot project in Internet based Subject Registration system for its Degree students.

This paper presents the preliminary results of a pilot project on Internet based Subject Registration System
which has been run for three semesters. The system facilitates the students, lecturers and administration with user
friendly interfaces and end-user requirement.
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2. Internet based Subject Registration System Design

The system is a Web application, running on a Personal Web Server. It is developed using Hypertext Markup
Language (HTML), Microsoft® Active Server Pages(ASP), VBScript, Microsoft Access 97 and Open Database
Connectivity (ODBC) . The database design was created based on four (4) main contents namely, subjects, student
list, lecturers list and class schedule. All the databases were developed using Microsoft Access 97. The detailed
contents of the design are shown in Figure 1.

The software is designed to offer a complete feature of registration package to the students and is accessible as
follows;

i) Check students’ identification numbers (SID) and semester through Student Login

i) Register Subject, where it displays list of subjects offered and corresponding groups

iii) View schedule after registration which allows the student to see their current semester time table
iv) Change password allows the students to change their password for security reason

The lecturers are able to get access to the student list for the respective subject and able to print the list upon
registration. The administration is able to modify timetables, lecturer’s and students’ identification number and add

3. Interfaces

Figure 2 shows the student interface which is generated as the student selects the subject to be taken for a
particular semester and previews his selection. The interface consists of the student’s new schedule indicating
subjects being registered and subsequently highlight time clashes if there are any. Here, the student can check his
selection and hence, proceeds or reenters his selection.
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Figure 2 Example of student interface

The administration interface is illustrated in Figure 3. This interface allows an administration to add or
delete lecturers’ particulars that includes his/her identification number, subject code, number of students per class.
Apart from this, the administration is also allowed to view and modify the lecturers’ particulars directly from
database.
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Figure 3 Example of administration interface

Figure 4 shows the lecturer’s display window that would allow a lecturer to view or print the students’ list.

Here, the lecturer is allowed to
reference.

;ialmshmotmm

enter or modify the students’ results which will be stored in the system for future
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4. Results and Discussion

F igufe 4 Example of lecturer interface

This system has been tested successfully on Degree Students for three phases. The first phase involves only
semester two Degree students while the second and third phase involves all degree students. The first pilot run was
conducted during June-November 1999 session and the second pilot run was conducted during December1999- May
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2000. Both testing were carried on workstations and the website can be displayed using Internet Explorer or
Netscape. The third run was conducted during June-November 2000 session using personal computers.

Figure 5 shows the number of students registered in each semester and Figure 6 shows the number of
successful connections used simultaneously for each semester. The graph illustrated in Figure 6 shows that the
system is limited to less than 12 connections when running simultaneously. This is due to the limitation of the
database used. Therefore, a research is currently carried out to modify the system database server to accommodate
more users and enhance the capability of the system.

A
No of students
600
500
100
No. of testing
First run Second run Third run
Dec98-Mei99 June-Nov99 Dec99-June00
Figure 5 Number of students registered in each run
No of successful A
connections
it
10
5
>

First run Second run Third run No. of Testing

Figure 6 Number of successful connections for each run

5, Conclusion

The Internet-based Subject Registration System has been successfully tested for three semesters with
increasing number of students subsequently. The system has managed to ease out congestion as students do not have
to move from one room to another to manually register for their subjects. Its user-friendly menu driven web page
provide students with information on the study plan, pre-requisites and time table with an added advantage of

avoiding time clashes in their time-tables.
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The Effects of Strategies Instruction via Computer on
Student Attitudes toward Mathematics Problem-Solving

Doehee Ahn
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Pusan, South Korea
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Abstract: This exploratory study, utilizing a general strategy, SPIDER, and two types of computer-
based instruction (CBI) programs developed by the researcher, examined the effects of explicit
strategies instruction on 105 sixth-grade students’ attitudes toward mathematics problem-solving.
An attitude survey was administered to investigate their attitude change toward mathematics
problem-solving and the CBI program which they received. The findings indicated that students
who were exposed to the CBI program either with or without explicit strategies instruction
developed more positive attitudes toward mathematics problem-solving. Importantly, some
students in the experimental group showed increased self-confidence toward mathematics problem-
solving and self-esteem, whereas such comments were not observed from students in the CBI
control group.

Rationale and Purpose of Study
In the International Commission on Mathematical Instruction (JCMI) study (1986), Howson and his colleagues
noted the following teaching conditions which prevent teachers from implementing well organized instruction:

A teacher who has to teach 5 or 6 classes a day has little time to reflect on his or her teaching, to prepare
instructional material, to inspect a variety of alternative approaches, or to work with colleagues in
developing and renewing a coherent program. A teacher who lacks a work space, equipment, a budget
for purchasing materials or traveling, discretionary time for working with colleagues or students, cannot
be expected to develop far as a ‘reflective practitioner’ (p. 80).

The question that arises then, is how can the teaching of cognitive and metacognitive skills be effectively applied to
a classroom setting in the face of all the factors described above? One possible way is to use a computer to teach
these skills because the teacher can no longer rely solely on a chalkboard, chalk, paper, pencils, and textbooks
(NCTM, 1989). Computers can provide greater degrees of flexibility to activate students’ learning processes. For
example, computers can provide well-structured, individualized, and user-friendly instructional presentations that
can facilitate learning. Silver (1985) suggested, that the “computer can be used as a tool to create environments in
which students can be given the opportunity to think mathematically and solve challenging problems,...can be
beneficial in the teaching and learning of problem-solving,...can be designed to provide useful feedback or help
sequences that focus not simply on the calculation of an answer but also on processes or heuristics generally useful
in problem-solving” (p. 263). In addition, motivation will be enhanced since students can learn at their own pace
without group competition and evaluation. However, teaching mathematics problem-solving in a computer-based
learning environment has not been done in many research studies. Moreover, there is a paucity of literature on the
effects of mathematics problem-solving strategies instruction via computer on attitudes toward mathematics and
mathematics problem-solving. The purpose of this study was to explore the potential effects of general and specific
strategies instruction via computer on students’ attitudes toward mathematics, mathematics problem-solving, and the
CBI programs which they received.

Research Method

This exploratory study, utilizing a general strategy, SPIDER, and two types of computer-based instruction (CBI)
programs developed by the researcher, examined the effects of general and specific strategies instruction on 105
sixth-grade students’ attitudes toward mathematics problem-solving. Of the 105 students in this study, 68 students
in the experimental and CBI control groups completed the entire survey, consisting of 12 Likert-scale items and an
open-ended question, whereas 37 students in the traditional control group responded to only the first three items in
the survey. Quasi-experimental design was implemented to conduct this study. Students drawn from five public
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elementary schools were divided into three groups (experimental, CBI control, and traditional control). An attitude
survey was administered to investigate their attitude change toward mathematics problem-solving and the CBI
program which they received.

Data Analysis

To examine students’ attitudes toward mathematics, mathematics problem-solving, and the CBI program (PSS-CBI
and Control-CBI programs), data were analyzed using x’ tests. An independent variable was three treatment
conditions (experimental, CBI control, and traditional control). A dependent variable was the attitude survey.

Results

Attitudes toward mathematics, mathematics problem-solving, and computer use. A comparison was made among
the three groups’ (experimental, CBI control, and traditional control) responses with respect to their attitudes toward
mathematics, mathematics problem-solving, and computer use. Statistical significance levels using the Chi-square
tests were found on attitudes toward mathematics (x> (2, N = 83) = 16.81, p = .000), and mathematics problem-
solving (%* (2, N = 75) = 12.69, p = .000) among the three groups. The findings showed that a significant number
of students in the experimental and CBI control groups reported that they favored mathematics (experimental =
74.2% and CBI control = 89.3%) and mathematics problem-solving (experimental = 79.3% and CBI control =
80.0%), whereas only 37.5% of the students in the traditional control group responded that they liked math, and
38.5 % expressed that they favored mathematics problem-solving. These results indicated that students who
received the CBI program came to like math and mathematics problem-solving better than students who did not
receive the CBI program. Participating in the CBI program appears to have improved students’ attitudes toward
mathematics and mathematics problem-solving. With respect to their attitudes toward computer use, however, there
was no significant difference observed among the three groups (x* (2, N=102) = 3.44, p = .179). Regardless of the
group, an overwhelming majority of students responded that they were interested in using the computer
(experimental = 94.7%, CBI control =100%, and traditional control =100%).

Attitudes toward mathematics problem-solving_and the CBI program. To measure the effects of the explicit
strategies embedded CBI program on attitudes, students in the experimental and the CBI control groups were given
nine Likert-scale questions on attitudes toward mathematics problem-solving, and as well as the CBI program they
received. It was observed that there was no significant difference on students’ attitudes toward the CBI program
between the experimental and CBI control groups.

Comments on the CBI program. As part of the attitude survey, students in the experimental and CBI control groups
were also asked for additional comments on the CBI program they received. Students in both groups often
mentioned the CBI program as fun and helpful for understanding mathematics problem-solving. They also
expressed that the CBI program allowed them to work at their own pace. Interestingly, some students in the
experimental group described increased self-confidence in mathematics problem-solving, whereas comments from
the CBI control group did not include statements about self-confidence. Generally, students described the CBI
program as fun, self-paced, and helpful for understanding mathematics problem-solving.

Recommendation for Future Research
Some students who were exposed to explicit strategies instruction via computer (PSS-CBI program) reported
increased self-confidence in mathematics problem-solving and self-esteem; however, such comments were not
observed from those who received the Control-CBI program. In order to find a significant effect of explicit
strategies instruction via computer on students’ self-confidence and self-esteem, future research should include a
systematic measure of these affective attributes.
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Capturing Communication and Interaction Needs of the Users
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Abstract: The design of an ICT based learning environment should combine the
communication and interaction needs of different kinds of users in varied situations. The
purpose of this study was to explore how the needs of different user groups vary and how
their needs could be captured in the design of an ICT based learning environment. The
analysis of the user needs was carried out as part of a design process of an interaction and
communication environment for community based learning. The results showed that the
needs of the user groups vary, which should be taken into consideration while planning new
ICT based communication and learning services.

Background

The quality of distance education is highly dependent upon the interaction and participation of the
learners (McHenry & Bozik 1995). Holmberg (1989) has stated in his essential principles of distance
education that the core of distance education is the interaction between the teaching and learning parties. Each
user has multiple communication and learning needs, which affects the choices of media they would like to
use. For example Neal's (1997) study showed that the students varied clearly in the preference for, and comfort
levels with the different communication tools. The communication tools provided for the users should support
both the formal and the informal interaction. Fowler and Mayes (1999) have elaborated Wenger's (1998) ideas
on organisational learning in relation to an educational context, and talk about learning relationships as a way
of becoming a full member of a society. Learning relationships vary according to the characteristics of the
groups involved, the context within which they operate, and the strength of the relationships (Fowler & Mayes
1999). Fowler’s and Mayes’s study of real world learning relationships implies strongly that also the user
needs for ICT based learning environments vary. The goal of this study was to identify the communication and
interaction needs of different kind of users.

The Study

The key in user centred design is to use the information gathered in the users' own environments as a
basis of design. Typical user-centred methods include observations, listening to the users and talking with
them. (Hachos & Redish 1998.) Focus group was selected as the data collection method for this study. During
the focus group session the users were presented with a storyboard scenario of an imagined communication
and learning service. After the presentation the participants filled in a questionnaire independently and
afterwards the group discussed about their needs and concerns related to ICT based learning services. The
participants (N=22) were selected to represent different forms of learning relationships defined by Fowler and
Mayes (1999) in their study of learning relationships in real life:

a) Peer relationship: A relatively small group of people who know each other personally, and have strong
relationships (e.g. are good friends). They have relationships outside but although these are usually
connected to one member of the group (e.g. a father), they are perceived as a collective asset.

b) Federal relationship: The entities do not normally know each other well, and can be very widely
distributed. Each entity is viewed as an equal, trading knowledge or skills, to meet their own particular
needs, but also recognizing the importance of maintaining the federation for purposes of mutual benefit.
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¢) Hierarchical relationship: A structured and formal set of relationships, where communication patterns are
determined mainly by perceived or actual status. The status is however not always explicit but inherent
within the community. Movement up the hierarchy is a major motivator. Outside links tend to come in at
the pre-defined level reflecting that the hierarchical structure is apparent to external people.

Results of the Study

The study showed that the representatives of the peer group were interested in using an ICT based
learning and communication environment for supporting their already existing social and learning
relationships while representatives of federal and hierarchical groups felt that a possibility to build new
relationships and communities over an ICT based service would be useful for them. The representatives of the
peer group didn’t mention an ICT based communication and learning service as a possibility to get new
contacts or as a possibility to be in contact with experts and teachers. According to Fowler and Mayes (1999)
the peer group members have stronger learning and communication relationships, which indicates that their
need for new relationships is lower than for federal and hierarchical group members. Fowler and Mayes
(1999) have also defined that the members of federal groups are more aware of their own needs and goals and
that the group is a mean for them to reach their personal goals. An indication of the need of fulfilling personal
goals is that the representatives of the federal group were highly interested in being able to tailor the service to
their own needs. The results also showed that the representatives of the hierarchical group were more
interested in having contacts with the experts, which slightly indicates their hope for upward movement. Both
the representatives of the federal and hierarchical group were interested in having all their communication
tools integrated into one learning environment, which was not mentioned by the representatives of the peer
group. And they would like to have a possibility to store conversations and other materials for later use
especially if they don’t have a possibility to be on-line at the same time with their colleagues.

The study showed that the needs and concerns of the different user groups vary and that the
distinctions between different groups made by Fowler and Mayes (1999) can be used as a guideline while
segmenting the user groups of ICT based learning and communication services. The differences between
federal and hierarchical groups should be further explored. Focus group as data collection method combined
with independently filled in questionnaire was found suitable for the study. The focus group discussions
allowed the participants to share their thoughts, which generated new ideas. The importance of group
discussion was evident, especially in the federal and hierarchical groups. The role of the independently filled
questionnaire was more important for the representatives of the peer group.
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OrtoWeb - Instructor Networking over Internet for Orthodox Religious
Education

Risto Aikonen
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Abstract: This paper is a description about an ongoing development project concerning Greek
Orthodox Religious Education in Finland at the information technology based environment. In the
project the university co-operates with the local school authorities. A project group has been
established of the voluntary Orthodox religion teachers from different school levels. Under the
supervision of the university the main tasks of this group are to develop their subject teaching by
using digital learning materials during the lessons, to produce new learning materials for the
network and to share out the network the new pedagogical knowledge with their geographically
widespread colleagues.

Introduction

In Finland Religious Education is a compulsory subject for the pupils both at Elementary and Secondary Schools
(Lower and Upper). The Finnish speaking Greek Orthodox Church is a minority religion in Finland. Every school
year there are about 6000 Greek orthodox pupils in the country and they are taught by 300 teachers. Because of the
historical reasons the members of this Church are spread out all over Finland making up 1% of the total Finnish
population of about 5.5 million. The majority of the Orthodox Christians live in the eastern and southern parts of the
country. During the decades the Orthodox religion education at schools has faced many problems and among them
the main one has been the lack of proper and updated teaching materials.

Since 1996 the Finnish Ministry of Education has launched a program called ”Finland as an Information Society ”.
The main targets are to increase the benefits of the new information technology in communication and education, to
adopt it in networking between different kinds of institutions, i.e. schools, and to raise the level of education and
research by applying information technology.

Network in teaching is based on the idea that a teacher utilises the network services to diversify to multiform
teaching. The net is used as teaching aid. At the same time one has to take into consideration the fact that usually a
teacher has two roles. He/she can be both the subject and the object of the network working. The network services
used in teaching can deal with distributing information or communication. Communication in this environment has
many benefits. The information can easily be revised, stored and produced compared to the paper versions. After
having material in the network the teaching itself can be planned so that new learning material can be produced from
the information located in the net. Students can obtain information independently or they can produce information
for the net (i.e. own www-pages). When using the net in this way a teacher always has to remember that the
computer-based learning environment itself is not the absolute value. One also has to take into account the
functional insecurity when using net in teaching.

Networking over OrtoWeb
With this kind of background described above the local educational authorities and the Department of Applied

Education at the University of Joensuu have planned a co-operative project. The focus is to develop networking in
Orthodox religious education, and especially its materials and methods, by applying the possibilities of information
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technology and the internet. The project is one of the 17 projects the Finnish National Board of Education that has
started in 1999.

The main target of the project is by using the internet to develop and test a national learning (network) environment
for Orthodox religious education, and its teachers to support it at Primary and Secondary Schools (Lower and
Upper). During the project there has been for example formulated the technical base (www-site=OrtoWeb), and the
teachers have produced visual and auditory learning material of the Orthodox Church for the needs of Religious
Education (R.E). Teachers have tested the Religious teaching and learning and communication in general in this
environment and given feedback (pedagogical knowledge) from the site. The digital materials made by Orthodox
teachers themselves were the answer to a great demand in spite of the product’s slight deficiencies in technical level.
The material was mainly produced during the workshop days and the teachers got both technical and pedagogical
guidance during the working process. In the workshops the contact with the colleagues in small groups supported
also their networking. This kind of peer couching or peer tutoring is a good way of learning from colleagues to
promote new pedagogical thinking, teaching material and curriculum. During the process they noticed that they had
something common to be shared in face to face situation and encouraged by that feeling started to communicate by
e-mail, too. In spite of this finding within the project the communication over the network was not very popular in
general (discussion group and chat). Only when the teachers had a common topic, which was related to everyone’s
work, the text based conversation was activated for a while.

Networking among the Orthodox religious teachers has orientated teacher’s content and pedagogical knowledge.
They have the common substance, but they teach about it without knowing how their colleagues are dealing with the
same things under the guidelines of the curriculum. Next step during the networking process has been that this kind
of common, but before more or less unshared information can be utilized when making new teaching materials and
contents on the net. On the other hand one has to remember that the networking does not just happen by itself. A
technical platform has to be chosen, decisions about the server solutions, their administration and programs and so
on has to be made. Also the teachers have to be educated in content making and trained to use the network in their
communication and teaching. Trough the experiences about sharing one’s diversified teaching knowledge with the
colleagues, about making peer consulted digital learning materials and after having tested these in the classroom
situations one can say weather the networking is worth it. According to the teachers answers in the questionnaire the
answer is: “To get something, just pay it forward”.
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Improvement of University Classes Introducing Topics-based Discussion
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Abstract: This paper describes improvement of university classes by introducing topics-based
discussions using the Web Bulletin Board (WBB), as a tool for assisting discussion. Students can
exchange their ideas or opinions before and after classes by writing and reading on the WBB. The
log record, which includes indexes such as access frequency, referred frequency, and student names,
and texts written by students on the WBB were analyzed. Results indicate the following research-
findings: (1) WBB plays a role to facilitate positive participation to classes, (2) Contrary to the
traditional instruction without the WBB access, students were able to deepen their understanding of
the theme by accessing the WBB before and after classes, (3) The aforementioned indexes were
used as students’ evaluation measure.

Introduction .

It has been pointed out that Japanese students do not prefer discussion-based classes and lack discussion skills in
general. Under the current educational setting, it is very hard to change the traditional lecture-based instruction style
to the discussion-based instruction style in universities as well as primary and secondary schools (Akahori,1998;
Ertner,1999). The assumption is that integration of the WBB to classes promotes advancement in discussion skills
and positive attitudes towards classes. Some papers have addressed advantages of Web-based instruction
(Collins,2000; Laffey,et.al.,1998).

Method introducing WBB to class

The author gave lectures on “Educational Technology” for undergraduate students at a university in Tokyo and

introduced the WBB to classes in the subject as following.

a) Textbook used: The author’s book.

b) Discussion topics: Sixteen topics were selected by the author. For example, “What are the problems on promoting
ICT education and making plans to promote teachers’ ICT literacy by examining related information.”

¢) Subjects: Sixty-two undergraduate students were separated into 16 groups.

d) Discussion method: The discussion began by each group choosing one topic and subsequently presenting their
opinions and solutions on the topic on the WBB. Other students from the class participated in the discussion by
responding to the initial presentation of the opinions and solutions.

e) Privacy protection on the Web Bulletin Board: Students accessed the WBB by entering a password to protect their
privacy.

f) Period: Three months from April to June in 2000.

Statistical analysis of the log records from the WBB

The following indexes of the log were analyzed.

(1) Access frequency according to days of the week (Refer to Figure 1)
The classes were conducted from 8:50 to 10:20 on Wednesdays. Access frequency, including both reading and
written text on the WBB, showed a peak on Tuesdays. In other words, students accessed the WBB the most on
Tuesdays to prepare for the class next day. In figure 2, the gray bars show access frequencies (722 in total) and

- the black bars show written text only frequencies. Traditionally Japanese students do not study during weekends,

however, by using the WBB, results show that students studied even on Saturdays and Sundays. This suggests
that students’ participation was facilitated.

(2) Access frequency according to hours within a day (Refer to Figure 2)
Figure 3 shows two peaks; one is from 10:00 to 16:00, and another is from 20:00 to 24:00. The two peaks
correspond to after class and studying time at home, respectively. This shows that students accessed the WBB
frequently outside of class, and therefore, suggests that their interest in the topics presented in class was high.

(3) Log records from the main host server
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By examining the log records from the main host server, 339 counts (or 48%) were from the university server,
and 373 counts (or 52%) were from commercial servers. This corresponds to the aforementioned two peaks of
the access frequency according to hours within a day.

Analysis of text content written on the WBB

The author analyzed features of text content written on the WBB using the following indexes; a) writing frequency

by each student, b) text quantity (total byte) written by each student, c¢) depth of hierarchy tree structure, d) referred

frequency (including accessing and quoting) by other students.

The quality of the written texts were also analyzed and scored (on a 5 point scale) from the following viewpoints; (2)

awareness of topics understandings, (b) logical composition of text, (c) originality of ideas, and (d) references of

related information including other written texts.

The following results were found by analyzing the text content:

(1) Total frequency of written texts and text quantity written by students depended on the content of the topic.
Students were more motivated to discuss about reality based contents such as authentic and realistic problems,
planning, and policy making, and contradictory topics for debate.

(2) Referred frequency was not due to the quality of the content of the text. It was due to merely the fact that
students accessed the initial text more often than new text because students had to read the initial text to
understand the flow of the discussion.

(3) The texts leading to more depth of hierarchy tree structure could not be concluded as high quality content. The
author analyzed relationship between text scores of the viewpoints of the contents quality and depth of hierarchy
tree structure and couldn’t find any clear correlation among them.

ID.. ...... W ceesse l
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Figure * Access frequency by days of a week Figure *+  Access frequency by hours within a day
Implication and future works
The author found effective functions of the WBB, especially to bring students’ active participation and positive
attitudes to classes. However, since the hierarchy tree may contain too much information, students took excessive
amount of time to process the information. For this reason, in the future it is necessary to develop a system where
the text content of the hierarchy tree can be summarized in order to grasp the total flow of the discussion with more
ease.
The author would like to express a lot of thanks to Mr.Kikuchi and Mr.Shimogohri for their great cooperation.
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Abstract: The Learning and Teaching Support Network (LTSN) has been established to promote
high quality learning and teaching in all subject disciplines in higher education. The Centre for
Information and Computer Sciences (ICS) is one of the 24 Subject Centres who supports the sharing
of innovation and good practices in learning and teaching in both the information and computer
sciences. The Centre will act as a catalyst for change providing both a pro-active and a responsive
service to address the evolving requirements of the discipline community.

Introduction
In the UK, the Learning and Teaching Support Network (LTSN) has been established to promote high quality
learning and teaching [See http:/www.ltsn.ac.uk]. The Centre for Information and Computer Sciences (ICS) is one
of 24 Subject Centres who together with a Generic Centre make up the LTSN. The network supports the sharing of
innovation and good practice in learning and teaching including the use of communications and information
technology (C&IT). The subject discipline focus of the LTSN recognises that for many in HE it is at the subject
level where most networking and exchange of best practice and innovation takes place. By working with subject-
based communities, the LTSN provides an effective means for dissemination of information and practitioner support.
In recent years the services traditionally offered by the library and computer centre have converged in many HE
institutions. The establishment of a Centre for ICS mirrors this change and constitutes a major strategic response to
the challenges facing academic practitioners within the disciplines of Computer Science and Library & Information
Science. By merging existing capabilities within the two disciplines the Centre aims to create a powerful new force
for the development of products and services accessible to the entire learning and teaching community.
LTSN-ICS aims to make a rapid and far-reaching contribution to ICS education through:
e identifying and promoting pedagogical innovation and best practice;
e promoting the integration of appropriate C&IT techniques to enhance learning, teaching and assessment;
e building and supporting networks for exchange and dissemination of expertise in relation to developments in
learning and teaching;
e opening virtual and regional access points to expertise and resources which will encourage and invigorate local,
national and international special interest groups;’
maximising the opportunities for sharing knowledge and evaluating achievements amongst academics;
creating opportunities for continuous professional development.

Priorities
The Centre is located at the University of Ulster with partners at Loughborough University, University of Warwick,
Heriot-Watt University and University of North London. In order that the Centre can respond to the evolving
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requirements of the discipline, an early priority was to identify the needs of the subject disciplines. A comprehensive

on-line needs analysis survey was issued [http://www.ics.Itsn.ac.uk/needs.html] and the information gathered was

used to identify national trends and emerging developments to direct the activities of the Centre. Based on these

findings, the authors engaged in informal debate with the community in order to explore:

e requirements for best practice in the teaching and learning of ICS, especially the application of C&IT to support
the teaching and learning process;

o the extent to which educators are forging strategic partnerships at local, national and international level to enable
and support change in the content and delivery of information and computer science courses.

Results of the survey identified a requirement to promote quality practices in the following areas:

ICT

There is an urgent need to underpin the appropriate use of innovative techniques. Given the particular nature of the
ICS community it is recognised that learning technology will play a particularly important role and can act as a
driver for the transformation of teaching and learning practice. The-Centre fully supports this driving role, while
emphasising that such innovations must be deeply pedagogically informed. It provides information and advice on
strategic approaches to C&IT based learning support, i.e. the traditional instructionist and the more modern
constructivist and dialogic approaches. The Centre will foster and support innovative developments and will widely
promote learning technology as a significant and valuable area of research within the ICS discipline.

Collaborative learning :

Today’s employers have articulated the need for students to improve their communication, project management and
team-working skills. Small group project work, in particular inter-institutional work, provides an ideal platform for
developing competencies in these areas. New network-based tools that facilitate Computer Supported Collaborative
Learning (CSCL) are particularly useful for the flexible interaction required in distance learning. The Centre will
provide for the exchange of expertise and appropriate protocols for collaborative learning.

Distance learning

The future demand for ICS education is unlikely to be fully satisfied by conventional courses. Flexible and distance
learning is recognised as a vehicle for widening access to programmes of study. Imaginative use of educational
technology has the potential to revolutionise the learning environments of our students and provide an opportunity to
share resources on an international basis. Experience in areas such as work based learning and the development ofa
virtual university will be disseminated to the ICS community through the Centre.

Networks of expertise

ICS education is characterised by a rapid rate of change and the short shelf life of curricula and support materials.
The Centre actively supports academics by establishing and maintaining practitioner networks providing a forum for
innovators to discuss frameworks to guide the integration of innovations into dynamic local academic programmes.
A particular requirement for the ICS community is the need to target an increasing number of newly appointed staff,
so as to provide immediate opportunities for them to engage with networks facilitated by the Centre.

Dissemination and collaboration

Central to the operation of Centre is a comprehensive web service providing an immediate platform-independent
route to current materials suitable for wide scale access and re-use [See http://www.ics ltsn.ac.uk]. The website
provides a ‘one-stop-shop’ to expertise, resources and world-wide exemplars of good practice. Traditional
workshops and seminars are complemented by a programme of web-based video-conferencing events, enabling
international participation and interaction. The Centre also supports specialist and emerging areas by facilitating
electronic focus groups which are used to provoke debate on the enhancement of learning and teaching, Strategies
will be developed to ensure that a valued service is maintained and services will continue to evolve and be amended
in the light of ongoing monitoring and evaluation activities. :

The Centre actively seeks academic opinion and will undertake a programme of measures to engage effectively with
the teaching community. Academic staff from an international audience are positively encouraged to contribute to
the activities of the Centre. Through collaborative working the Centre anticipates greater sharing of knowledge, thus
enabling effective dissemination of new methods, tools and materials. The ultimate goal of the Centre is
enhancement of the quality of learning and an increase in efficiency through the integration of innovative practices
into curriculum delivery.
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1 Introduction

The study presented in this paper attempts to evaluate Encarta 97, a Multimedia Encyclopedia (English
Edition) in a university setting. Encarta contains the content of a traditional 29 volume print encyclopedia
plus thousands of pieces of multimedia (text, sound, graphics, animation, and video) in one CD-ROM. An
experiment was carried out in Kuwait University, and 17 students participated in the evaluation. A
summative evaluation was carried out to investigate the package by looking at its Usability, Learnability,
Enjoyability, and Media Capability. The objectives was to: examine some design aspects of the package;
understand how Kuwaiti students perceive a well designed western multimedia package; and apply some
alternative evaluation tools.

2 Experimental design

A sample of seventeen students (15 female and 2 males) from the College of Basic Education at
Kuwait University participated in the experiment. The students’ average age is 22 years and 15 students were
final year. They also had little computer experiance and did not use computers in their early education.

The evaluation tools used in this study were a questionnaire, and a direct observation. Summative
evaluation was carried out measuring three aspects which have been identified in the Horizon Project
(BARKER, 1996). These aspects are: Usability, a measure of the effectiveness of the interface, display, and
functions; Learnability, a measure of the ease with which information, media, and knowledge are accessed
and learned; Enjoyability, a measure of how interesting and enjoyable the learner thinks the package is. The
researcher examined another aspect of evaluation which is: Media capability, a measure of the effectiveness
of each media element used in the package. The second tool used was direct observation. It involved
observing and monitoring students' behaviour and comments while using Encarta. This includes: “walking
around in the multimedia lab”, observing students’ screens to examine “what ’

“What things they like”’; “What problems they face”; and “What comments they make”.

An IBM multimedia computer laboratory was prepared for the experiment. Encarta 97 was
installed in the PCs which wcre equipped with CD-ROM drives and speakers. The experiment lasted about 2
hours, the first half hour was used to introduce Encarta to the students, in order to familiarise them with the
nature of the electronic encyclopedia and the basic functions of the package. After the introduction, a list of
tasks was given to each student in order to ensure that they use most of the package’s functions and features.

3 Findings

The students indicated that the visual interface, format, and content of information displayed on the
screen were appealing. They felt that they were in control using Encarta, and the package was easy to use.
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The interactivity of Encarta seems to provide them not only with access to vast and varied information, but
also with control over the way they learn. This control takes three ways: control over the structure, control
over the media, and control over the working environment (MCKERLIE & PREECE, 1993).

With regard to the learnability aspect, Encarta provides a good learning environment in which it
enhances students’ learning experience by the way the content is structured, the various motivational learning
activities, and the use of media. Encarta provides exploratory learning and involves various learning
activities. This sort of learning which incorporates problem-solving skills as suggested by Quinn, motivates
the exploration of the environment (QUINN et al, 1993) and offers increased freedom and motivation to
students (OREN, 1990). This view is strengthened also by McAteer and Shaw who stress that learning by
performing tasks, making notes, and making conceptual links will provide a full learning experience for
students (MCATEER, E. & SHAW, 1995).

Turning to the question of enjoyability, the students indicated that using Encarta is enjoyable. This
may reflect the ease of use, content, navigation, access, and control over the package, and indicate that
Encarta designers have incorporated appropriate human factors issues which seem to create an enjoyable and
motivating learning experience for learners. Thus, the students felt that they wanted to use Encarta more
often. This motivation and interest was not only because of the media and the content, but seems to be linked
to structure and presentation. Jacques believes that good presentation style makes a good initial impression,
and motivates students to continue working on the package (JACQUES et al, 1995).

In respect to the media capability aspect, media is used extensively throughout Encarta. Thousands
of photos and illustrations, and hundreds of sound and video clips have been integrated along with text
articles. The students indicated that text, graphics, speech, music, animation, and video were extremely well
used and presented throughout the package. Research indicate that the effective integration of media in any
application with consideration to students' cognitive constraints creates an exciting, creative and supportive
system (MCKERLIE & PREECE, 1993). However, there weren’t many video clips in Encarta. Vaughan refers
the rare use of video in multimedia packages to the big storage space they require and to the absence of
efficient compression techniques (VAUGHAN, 1996).

4 Conclusion

Encarta 97 Multimedia Encyclopedia, has been evaluated in this study. Four aspects of evaluation
have been considered, Usability, Learnability, Enjoyability, and Media Capability. The finding suggests that .
Encarta is not only usable and enjoyable, but also provides a good learning environment in which it enhances
students’ learning experience through the way the content is structured, the various motivational learning
activities, and the efficient use of media. Although there is a general positive high response to the package,
most of the students suggested the use of an Arabic version of Encarta. This emphasise the need to
investigate further to address the effect of culturally designed muitimedia interface on students’ learning and
acceptance. Two evaluation tools were used to collect the data needed. Although the objectives of the use of
these tools were clear, most of the data were collected from the questionnaire. It is apparent that the use of
direct observation was not effective in this study, and it is suggested that the use of such a tool should be
plannéd properly and used formally for similar studies.
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Abstract: This paper presents the instructional design of online knowledge resources. A
project that was designed to meet an instructional need rather than to exploit the
capabilities of technology. We will present the instructional needs, a solution that exactly
matched the requirements and an evaluation. The project is theory-based rather than
technology-driven. The guiding question was: How can the virtual part of a university
project enhance classroom teaching and learning? Online resources as well as lectures are
organized and visualized as concept maps.

The Project

“ifu - the International Women's University ‘Technology and Culture’- is the first and, so far, only gender-
specific university project of its kind in Europe. ifu is interdisciplinary in scope and methodology of academic
work, and intercultural. Between July and October 2000 the ifu offered 900 female students from all over the
world the opportunity to participate in a postgraduate research and study program in six project areas: BODY,
CITY, INFORMATION, MIGRATION, WATER, and WORK. In a more long-range perspective, and
supported by modern information technologies, the virtual ifu (vifu) supported and extended the ifu on the
internet.” (http://www.vifu.de). The Institute of Computer Engineering - Knowledge Based Systems (KBS),
University of Hanover supported the project area WORK. The strength of this work was interdisciplinary col-
laboration. In order to evaluate the requirements and to face the needs we strongly collaborated with the Insti-
tute of Psychology and the Institute of Pedagogy, who made up the curriculum, provided content and organized
lectures. They had no specific idea of the use of the internet in learning and on how the virtual part could
enhance their teaching. We collaborated in figuring this out. The KBS developed technical infrastructure,
support and training and constructed online-knowledge-resources (http://www.work.uni-hannover.de).

The Process

Guiding question. How can the virtual part enhance classroom teaching and learning?

Koshmann et al. argue that computer supported projects should progress through several steps:

“(a) making explicit the instructional requirements that serve as design goals for the project” (Koshmann,
1993/1994, p. 228). First of all our interdisciplinary project group of human scientists (providers of content),
computer scientists and media educators (providers of technical infrastructure) made explicit the instructional
requirements. We faced the concept of the ifu which comprises five guiding principles: interdependence and
interaction of science and society; interdisciplinarity; integration of science and other social practices
including the arts, implementation of gender studies as well as an international and intercultural scope.

90 students from all over the world were going to study in the project area WORK: Postgraduated students
primarily not from western countries. Most of them researchers, lecturers, assistant professors at universities
and NGOs in their home countries. We did not want the students from Africa, America, and Asia to simply
“learn from Europe”. Even if this was a huge number of students we did not only want to lecture them as they
came with a strong cultural, educational, and also working background. But we still wanted to present lectures
by experts in the domain of Sociology and Psychology. The humanities are ill-structured domains — there is
nothing like a unique ontology. Neither did we want to present given systematics nor taxonomies out of

76

Page 29



Q

ERIC

Aruitoxt provided by Eic:

context. Lectures wanted to afford an opportunity for fluent discussions on theories, methodologies, on
interdependence and interrelationships of factors e.g.. Information should be embedded in (cultural) context,
by lecturers as well as by students. The students should be enabled to realize interdisciplinary projects, to
acquire knowledge presented by experts and practitioners, to share knowledge, to develop communities, to
organize their own learning. Presenting knowledge as well as students’ project work was supposed to be
supported by technical infrastructure, which facilitates networking and integration.

“(b) performing a detailed study of current educational practice with regard to these goals,” (ibid.). There
was no comparable project of international and intercultural scope to evaluate and to draw experience from.
“(c) developing a specification based on the identified requirements/limitations of the instructional setting
and the known capabilities of the technology” (ibid.). The project ,,Intelligent Online-Knowledge-Resources
for Intentional Learning® focussed on three aspects using concept maps to visualize context and topics: (1) The
coordinator Margot Poppenhusen and the local dean Regina Becker-Schmidt of the project area WORK used
concept maps to specify and structure the curriculum. (2) Online knowledge resources were organized and
made in form of concept maps. Access was also provided in form of concept maps. (3) Lecturers visualized
their talks in form of concept maps and presented them on the web. These concept maps guided lectures: they
were shown during lectures on touch sensitive screens.

“(d) producing an implementation that allows for local adaptation to instructional practice” (ibid.). Two
main virtual projects were developed, prepared and provided. Main focus was to visualize context and
structure: (1) The term ,gender’ and the concept of gender studies was presented in the context of division of
labour and diverse cultural realities. (2) The effect of information technology and its impact on women’s work
was presented against the background of basic shifts and fundamental transformation of work and work
context. Online resources for these projects were organized as concept maps. We helped lecturers as well as
students also to organize resources this way. Step by step several projects became available on the web.
Students had access to these resources in order to rework lectures and to use resources for their own project
work. We offered computer training for the students based on their prior knowledge.

Evaluation

We evaluated the project along the instructional goals. The evaluation is based on qualitative interviews taped
on video: The concept maps actually changed the role of teachers and students inside the classroom. Teachers
were facilitators, students brought up their own experience. Concept maps supported discussion on structure,
terminology, and content. This was seen as relevant in teaching postgraduate students with strong
intercultural, educational, and working background. It brought up detailed discussions on interrelationship and
interdependence of factors, and on diverse organization of society in different countries and cultures. It made
explicit different situational realities and specific problems not experienced in Western countries. Making
explicit structure and organization of knowledge enabled students to discuss, define, and mark the differences
seen from different perspectives depending on culture and context. It even brought up discussions whether to
structure things totally differently: students and lecturers shared different contexts and perspectives. During
discussions they restructured subjects collaboratively. In these interviews students pointed out advantage over
linear resources.
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Abstract: A concept map is a graphical representation of a person’s (student’s) knowledge of a domain. Concept maps
have been used in educational settings for some time and many computer-based implementations of interactive concept
map building tools exist. These concept mapping tools often provide for a solely propositional, primarily textual,
knowledge representation scheme and do not fully capitalize on the functionality offered by the computational
medium. In this paper, we motivate the enhancement of “traditional” computer-based concept mapping tools with
dynamic multimedia—sound, video, and animated images—which offer representational capabilities that are
analogous to human knowledge representation mechanisms.

Concept maps

A concept map™ is a graphical representation of knowledge of a domain. A concept map consists of nodes
representing concepts, objects, or actions, connected by directional links defining the relationships between nodes. A node is
represented by a simple geometric object, such as an oval, containing a textual concept name. Inter-node relationship links are
represented by textually labeled lines with an arrowhead at one or both ends. Together, nodes and links define propositions,
assertions about the domain. For example, the nodes and link in Figure I represent the proposition “horses can gallop” and
might be a portion of a concept map about horses.

can
Figure 1. n Teprese gallop orses can gallop.”

Concept maps have been used in the educational community for decades, in virtually every sybject area. In
educational settings;conceptmaps-have-fitted-many rotes: they-attow studentstoreflect-on-and-demonstrate-their knowledge
of a domain, may be used for teacher assessment of students’ knowledge of a topic covered in class, act as tools to aid study
and comprehension of a domain or story, support idea generation and organization in preparation for prose composition, and
are used as instructional materials for learning new concepts and their interrelationships.

This paper offers psychological and pedagogical design rationales for the inclusion of multimedia in computer-
based concept maps. It also describes a concept mapping application named Webster!!! whose goals include more
comprehensively representing students’ knowledge of a domain, providing facilities that make concept maps more
pedagogically effective for students using them to learn new concepts, and in doing both, capitalizing more fully on the
capabilities of the computational medium. There are a number of characteristics of Webster that attempt to achieve these
desiderata but in this paper we focus in particular on Webster’s use of multimedia to realize these goals.

Why Multimedia Concept Maps?

The purpose of concept maps is to visually represent knowledge of a subject or domain. Indeed, Jonassen (1992)
claims that concept maps are accurate reflections of their authors” cognitive structures. But this argument is based on concept
maps that portray text-based propositions only. Jonassen goes on to pose the question “What constraints does the software
impose on the product?” (p. 20). Older concept map tools are indeed very good at representing text-based propositional
statements—wherein concepts are described by verbal means alone—but not necessarily other forms of knowledge. However,
if concept maps are to be used to externally represent one’s (internal) knowledge, they should allow for nodes to be
something other than of a verbal or textual nature. “It is important to note that not all nodes in a semantic memory system
have names corresponding to words in natural language” (Rumelhart & Norman, 1985, p. 24). This notion is further
supported by numerous researchers who have offered evidence or arguments for the notion that one’s knowledge contains
more than simply verbal propositional knowledge. Kosslyn (1980), for example, proposes a cognitive model that represents
information about objects with both propositional properties and images. Johnson-Laird (1983) similarly asserts that mental
models of a domain include both propositions and imagery. Baddeley adds there is “abundant evidence for separate visual
and verbal coding” (1985, p. 212). Shephard (1967) has, furthermore, provided evidence that memory for visual imagery is
more robust than that for purely textual information. And Paivio (1986) asserts information encoded both visually and
verbally is more memorable. So, to begin with, we see a need for image-based nodes in concept maps if we wish to more
comprehensively represent one’s knowledge of a domain or use maps to convey information new to learners.
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Intuitively, in addition to static imagery, temporally dynamic visual and auditory memories are also part of one's
knowledge of an object or domain. Here we’re speaking of images in motion and sounds, both of which occur over time.
Indeed, this notion has been acknowledged by cognitive science researchers and others. Johnson-Laird (1983) asserts that
some mental representations are of temporally dynamic nature. Numerous studies involving music cognition provide strong
empirical evidence for long-term auditory memory (see, e.g., Dowling & Harwood, 1986). Even popular culture reflects these
notions; for example, as Lennon and McCartney wrote and the Beatles sang, “Penny Lane is in my ears and in my eyes,”
highlighting the reality that recollections involve long-term auditory and dynamic visual memories. Hence, one’s knowledge
of horses might include not only what a horse looks like, but what a horse looks like when galloping and when trotting, the
image of a jumping horse gliding over an obstacle, the sight and thundering sound of a group of wild horses stampeding
across a sandy plain, the moving images of a wild bronco bucking in its attempt to throw a rodeo cowboy off its back, the
sound of a horse “neighing.” Certainly these are parts of our long-term memories for horses, and we ought to be able to
represent these memories in concept maps to demonstrate our own knowledge or to use concept maps as instructional
resources.

Imagery in general also offers the important capability of reifying concepts described by text. The ability to
represent concrete instances and link them to text-based concepts supports the learning and memorability of those concepts.
For example, Moore and Skinner (1985) demonstrated that abstract textual information is better understood and learned when
presented along with reifying illustrations. The ability to portray concrete instances of concepts adds significantly to the
representational and instructional potential of maps. The ability to use dynamic imagery and audio significantly enhances this
representational capability. For example, here is a definition of the trotting gait of a horse: “In this most diagonal gait, the
diagonal hooves lift off from and hit the ground at the same moment. [Right hind, left front, alternate with left hind, right
front.] To see this, focus on a front foot, then include the diagonal hind in your field of vision. You can Clearly see them lift
off and hit together, in a hard trot. The sound will be a 1-2 beat” (Ziegler, 1988). Compare a concept map that represents
these ideas via text-only nodes to another map that accompanies this information with a slow-motion video of a horse actually
trotting. Clearly, the latter not only makes the conceptual information concrete but also provides an additional dimension to
the map, namely sense-based information the text alone cannot.

The incorporation of temporally dynamic visual and aural elements in a concept map knowledge representation tool
enhances its “flexibility of expressiveness” (Heeren & Kommers, 1992). More semantic and aesthetic options are open for the
user to decide upon. This may help to accommodate individual differences, that is, to better support students with different
expressive or learning preferences or needs when using concept maps to demonstrate their own knowledge or acquire new
knowledge. And, clearly, temporally dynamic content in concept maps will better support those using maps for learning new
domains and concepts because these users will be presented with: what objects look like when in motion, what they sound
like, how things move or sound in particular contexts or situations, instructional visualizations of how to perform procedural
tasks, videos showing dynamic interactions between objects or people.

Lastly, the use of multimedia in an interactive concept map builder and viewer may provide for a2 more engaging
user experience. Of course, engaged and motivated learners are a desirable effect of any educational environment or tool
(Vroom, 1994).

If we are using the computer to represent students’ knowledge, we should more fully benefit from what the
computational medium offers over more static media, such as pencil and paper. This includes the ability to incorporate
dynamic content in concept maps, thereby more comprehensively representing the knowledge a person possesses. If we are
asking students to represent their knowledge, we need to be cognizant of the fact that some aspects of a student’s mental
model may be expressible only through visual or auditory media. And for students using concept maps to learn about new
concepts, the enhancement of those maps with dynamic media has the potential to improve the maps’ pedagogical
effectiveness. Of course, one’s knowledge of a domain may also contain tactile, olfactory, or taste memories. However,
standard PCs are not currently capable of representing and “playing back” such sensory information, notwithstanding ongoing
research in these areas. But they are capable of manipulating video, audio, and animation.

To recap, concept map tools should be able to represent multiple types or forms of knowledge, not merely text-
based propositions. Specifically, incorporating multimedia in concept mapping software should (a) provide for greater
cognitive fidelity in student-constructed concept maps, allowing students to more comprehensively represent their knowledge
in ways similar to their own cognitive representations; (b) offer the illustrative advantages of dynamic visual imagery and
audio to students learning new concepts and domains; (c) provide the capability of reifying concepts with concrete instances
that can be seen and heard; (d) offer richer expressive power for concept map authors; (e) provide for a more engaging
student experience; and (f) better capitalize on functionality available in modern personal computers.

73

Page 32



Q

ERIC

Aruitoxt provided by Eic:

-} Horses - Microsoft Internet Explorer

Fe
Horses Sytip

e ia¥e
L=

looks like can |
gallop 4 horse
/ — l

Fill Pen Conpestor Text

[Aquamarine [ [Bras__ o] [atstat ] [evetica  ToJj[Prain [ f1e -]
(] 2 P

{
i
|

animal

=

~

4]
e

i’

(&
;E

@gm (2l

|
i
L

©

Figure 2. A Webster concept map, in a Web browser window, with a static image (the horseshoes), an animated
image node (the galloping horse), an audio element (represented by the radio node), three video nodes (the
television nodes), and a hyperlink to an external Web site (equestria.net).

Multimedia in Webster
On the basis of the preceding cognitive and pedagogical design rationale, Webster allows for the representation of

dynamic media components as integral constructs of concept maps. That is, Webster provides tools for the facile
incorporation of animated images, video, and audio in concept maps. In Webster, multimedia elements are first-class
elements of concept maps with the same status and ease-of-use as textual concept nodes.

Figure 2 shows Webster running in a Web browser. Webster is implemented in Java™ and thereby runs as an
applet in standard Web navigators, providing student access from anywhere they have access to the Internet. Along the left
side of Webster’s user interface are tools for creating elements that may reside in a Webster concept map: concept nodes (of
various shapes; the user may assign different semantics to different shapes as appropriate for each map), relationship links,
image, audio, and video nodes, and other types of map elements. At the top of this toolkit are two mutually exclusive toggle
buttons (“iconic radio buttons”) that determine whether the user is in author mode (the pencil icon) or viewer mode (the eye).
A user can create or modify maps while in author mode; in viewer mode, the map’s knowledge elements may not be edited
and it is in this mode that multimedia elements may be viewed. When a teacher reviews a student’s concept map, he or she
has access to viewer mode only for that map.
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Continuing with our example domain, suppose a student is building a concept map to demonstrate her knowledge of
horses. In addition to propositional assertions such as “a horse is an animal,” “a horse can gallop,” and “domesticated horses
wear horseshoes” the student wishes to represent what a typical horse sounds like, what it looks like when galloping, and so
on. She therefore requires the ability to incorporate visual imagery and audio in her map. To incorporate sound, she includes
an audio node in the map; similarly for video and image data and their respective nodes. To add an audio node to a concept
map in Webster, the user clicks on the “radio” tool button in the toolkit on the left and drops a radio (that is, audio) element
onto the map. This is the same process used to add textual concept nodes (and other node types) to a map; multimedia nodes
are not handled in any sort of special case fashion. Webster responds to the addition of the new audio node by popping up a
list of available audio files (only audio files are shown for a radio node), allowing the user to select one to associate with the
node. Image and video nodes are handled in the identical manner using the “portrait” tool and “television” tools, respectively.
The multimedia file associated with an existing media node may be modified by double-clicking on the particular video,
audio, or image node; Webster again displays a list of files of the appropriate media type for the user to select from. This is
another example of how multimedia knowledge elements do not involve special case handling; double-clicking to edit a
node’s content is precisely how textual concept and Web-link nodes are modified.

To listen to an audio, the user (say, a teacher viewing a completed concept map) simply clicks on a radio node in
the map (while in viewer mode). In response, Webster plays the associated audio file. Video playback is similarly invoked via
TV nodes in a map (see Figure 3).

With regard to images, there are other concept map tools that allow the use of static images as nodes in a map (see
Related Work). Webster goes a step further in that image-based nodes in a concept map may be animated-GIF images. Thus
we may have animations directly within a concept map. For example, the animated horse image in Figure 2 appears to be
galloping within the map. Image nodes may be sized (stretched) directly within the map by the map author to show or hide
details or otherwise accommodate aesthetic and spatial considerations. If a user wishes to view an image in its originally-
created size, she may click on the image node (while in viewer mode) and the full-sized image is displayed in the browser
frame that exists below the Webster applet (not shown in Figure 2).

Webster also automates the conversion of concept maps to a different representation form, namely outlines. A
common activity associated with concept map usage in the classroom is generating and organizing ideas in preparation for
writing a report, composition, story, or, a more modern form of “composition,” a Web page. Of course, 2 common
representation for idea organization is an outline. Further, alternative representations support developing deeper
understanding of a domain. Hence, as in the Inspiration® concept mapping product (more on Inspiration below), Webster can
translate a map into.an outline containing the map’s semantic content.

In Webster, multimedia concept maps become multimedia outlines. The same static and animated images, videos,
and audios that are part of a concept map appear in the associated outline representation, as shown in Figure 4. Webster
converts maps into outlines as HTML documents that appear in a separate Web browser window. As in the concept map
itself, the HTML generated by Webster embeds radio images for audio nodes and a TV for each video. Outlines incorporate
the text labels that appear on relationship links in the map, so an outline item (a single line in the outline) might appear with
the text “looks like:” followed by a TV image. In the HTML document, the radio and TV images are coded as hyperlinks that
reference specific audio or video files. Hence, users simply click on embedded radio and television images to “play” them.
With regard to static and animated images, they are handled much as they are in concept maps: images are embedded and
visible directly within outline items, so, for example, once again the horse seems to be galloping within the outline. All
images are displayed in the outline with the same default thumbnail dimensions. These thumbnail images are also encoded in
the HTML as hyperlinks to the full-size image file, so to view the image in its original size, a user simply clicks on the
thumbnail in the outline.

§
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Related Work

There are many existing computer-based concept map tools, far too many for exhaustive description here. But,
some bear mention. With regard to images, Inspiration and Axon®, two commercial concept mapping products, and
SemNet™, a shareware tool (Fisher, 1992), do allow the use of static images as nodes in a map. Another mapping tool
permits the association of static imagery with a concept node: Learning Tool™ (Kozma, 1992) has the provision for a
“notecard” to be associated with each concept node, and this notecard may contain text and images. These tools certainly
offer a step in the right direction beyond text-only representations. But we should be able to incorporate temporally dynamic
content in concept maps as well. Further, there are significant differences in the outlines generated by Inspiration'and Webster
(we’ll focus only on the multimedia aspect). Even though Inspiration incorporates only static image and textual nodes in
concept maps, the images are absent in its outline translation of a map, whereas Webster’s outlines incorporate all the media
clements that appear in the corresponding concept map. None of these mapping tools is accessible from a Web browser.

HandLeR is a handheld computer running proprietary software which includes a conceptual mapping tool that
incorporates multimedia elements (Sharples, 2000a). In HandLeR’s “topic map” tool, topic nodes may reference the same
types of media files as supported in Webster (Sharples, 2000b). There are a number of differences between HandLeR’s map
tool and Webster. Topic nodes in HandLeR are all identical ovals (with embedded text), connected by unlabeled links. Hence,
static and animated images are not visible within the map itself. The further implication is that nodes are not “typed”—this is,
different node types are not visually distinguished—whereas in Webster concept maps, nodes provide visual cues regarding
their content, including the clear indication of the existence of media nodes (video nodes appear as “televisions” and audio
nodes as “radios”). We refer to this as visually typing, that is, making each node’s content type evident by its appearance.
Unlike HandLeR, Webster provides an alternative outline representation that incorporates multimedia as well. Lastly,
Webster is Web-enabled, providing broader student access to the tool in terms of location and time as well as eliminating the
logistical problems of distributing software to individuals, while HandLeR operates on a standalone basis.

In the IHMC CMap toolkit (IHMC, 2000) users may associate resources with a concept node. Resources may
include images, sounds, or video files. Again, images do not appear directly within the visible concept map per se—users
must follow a hyperlink to view an image, and this tool does not incorporate outline translations (multimedia-based or not) of
concept maps. There are no labeled relationship links between verbal concepts and media nodes; media resources are, ina
sense, part of the concept nodes. We feel that labeled links showing the relationships between media nodes and other nodes
represent additional knowledge thereby enhancing the semantics of a map. (Link labels can be omitted in Webster if desired;
making labels optional and the possible enhanced semantics when links are included increase Webster’s flexibility of
expressiveness for knowledge representation—more options and decisions are left to the user’s preferences and
representational requirements.) Indeed, based on studies with learning disabled students, Griffin, Simmons, and Kameenui
(1992) strongly recommend that concept maps and other graphical organizers explicitly depict (i.e., label) the relationships
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among conceptual elements to better support the learning and memorability of the represented domain. Further, Webster
attempts to make the representation of knowledge elements straightforward and simple, both conceptually and in terms of
user interaction, in part by treating different types of knowledge elements in a uniform fashion. Multimedia knowledge is
represented as distinct nodes which are manipulated in the same manner as are other nodes in a map. Plus, in our design
rationale we stated that there are apparently distinct cognitive systems for the representation of verbal and imaginal elements;
if we wish to reflect one’s knowledge in a concept map, it seems to follow that knowledge elements of these types be
represented by distinct nodes rather than bundled into a single node.

Conclusion

A concept map is a tool for representing knowledge. In asking students to construct concept maps, we are asking
them to demonstrate and communicate to others their knowledge of a domain. We ought not limit those students by restricting
the types of knowledge they can they can represent. Webster offers greater expressiveness and broader representation
capabilities by incorporating multimedia elements in concept maps, thereby attempting to offer a closer match to cognitive
knowledge representations. The incorporation of dynamic media also provides concomitant benefits to students using pre-
constructed concept maps as tools for new concept learning, because they are exposed to a broader range of knowledge
media. Lastly, a concept mapping tool should be able to translate maps into alternative representations, such as outlines which
many students find useful or necessary for composing narratives. Webster outlines contain all of a map’s content including its
multimedia knowledge elements.
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Abstract: Development of on-line courses requires the use of appropriate educational
philosophies that discourage rote learning and passive transfer of information from teacher to
learner. This paper reports on the development, use and evaluation of two, second year,
Biology on-line software packages used by students in constructivist environments. The
courses on carbohydrate and lipid metabolism were developed in conjunction with subject
experts but were designed from different perspectives. The carbohydrate metabolism course
provided diverse views of a single knowledge domain and included the ability to find
information in different ways. The lipid metabolism course was designed as a ‘notes-on-the-
Web’ module. Evaluations were conducted via paper- and electronic-based software
evaluation; student interviews; and analyses of student performance (pre- and post-testing;
examination results). Results showed that students enjoyed using the software, found the
constructivist learning environments challenging, valued the permanent availability of on-line
information, found the user interface of the software products easy to use and navigate.
Analyses of examination results showed that students performed better than in the previous
year (traditional lectures). Results for the carbohydrate course were superior to those of the
other course. It appears that interactive components that foster constructivist-based learning
skills are more important in on-line learning environments than presentation of information.

Introduction

Attempts in the 1980s to bring technology into the classroom involved the creation of computer literacy classes
at secondary school levels (Moersch, 1995) where students leamed about computer architecture, operating
procedures, basic software applications and introductory programming. Technology carries an expectation that it
will transform many aspects of learning inciuding the content and body of knowledge taught, delivery, and the
types of facilities required to support delivery (Kook, 1997). Learning environments are becoming more creative
and diverse with educational institutions becoming, not only information centres for specific content, but also
arenas for technology development and innovation (Kook, 1997). However, technology is not a process, mindset,
or a global solution, but is merely a tool. With the onset of the 21st century, it is undeniable that the computer, as
a tool, has made by far the biggest impact on human endeavour. “Technology, be it a writing system, a media
system, or a computer system, has been proven to be an effective tool to realize the interrelated goals of learning,
teaching and cognitive growth” (Chen, 1993). Moersch (1995) stated that computers are used as tools that
support and extend student understanding of concepts, processes and themes. In addition to its inherent use as
communication tools, technology can also play a direct role in educational activities. Richards et al. (1997)
argued that the use of technology is two-fold: it accelerates skill and knowledge acquisition and enhances teacher
and student abilities. McDonald and Ingvarson (1997) argued that computer applications free students from
laborious tasks of rewriting and copying notes. Dorfler (1991), on the other hand, stated that cognitive software
tools amplify human ability as “information re-organizational devices” that extend activity and reflection to a
higher meta-level.

While the use of computer technology could provide an increasing student popuiation with adequate resources,
the focus should still lie with educational issues (Haméldinen et al., 1996) and user needs (Brown, 1995). Collis
(1997) stressed that technology should be used as a tool to make concrete an educational philosophy and
Greening (1998) argued that theory should drive the application of technology within educational contexts rather
than technology itself. Reeves and Hedberg (1998) defined constructivism as “...the process of how we
construct meaning and knowledge in the world..”, “..based on our previous experiences and how we organize
those experiences into knowledge structures such as schema and mental modes, and the beliefs that we use to
interpret the objects and events we encounter in the world”. Constructivism is context dependent rather than
content dependent (Greening, 1998) and focuses not on the content or its objectives, but on the diverseness and
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richness of the learning environment and the skills and competencies in learning that may not be directly
monitored via behaviouristic assessment methods (Reeves, 1992). Today, most commercial educational software
takes little notice of educational models other than instruction. This presents educational developers with two
possible options of technology use where either (a) technology is supplemental and rests on existing structures
(enrichment) or and (b) it is mandatory and changes the course structure completely (re-engineering) (Collis,
1997).

This project was based on the concept that integration of software into learning environments will only improve
learning when courses are re-engineered to support constructivist-learning models and include tools to find,
explore and organise information. In other words, the power of technology lies not in the presentation of
information, but rather in the ability of learners to navigate information in different ways to enable their own
cognitive development.

Materials and Methods

Course Design and Development: Two second-year biochemical courses were converted into resource-based
on-line educational material. The original instructivist courses included notes, diagrams and overhead slides
developed by the subject experts, based in part on the prescribed textbooks. The re-engineering of these courses
included the development of a workbook that posed a number of problems, or exercises, supported by on-line
resources. The first course, carbohydrate metabolism, consisted of a number of pathways and reactions, and
requires an in depth understanding of compounds involved (their relationships), as well as control and regulation
systems of the metabolic pathways. Software developed for this course was based on the idea that multiple
representation of a single knowledge domain would enhance the leaming process. Analysis of the lecture course
identified a number of content building blocks (molecules, reactions, biochemical terminology, processes and
actual pathways). These knowledge units were individually constructed using Macromedia Flash 2.0 (figures and
charts) and were stored, with relationship information, in a Microsoft Access database. These building blocks,
accessed in different ways (using hyperlinks or through a built-in search tool) provided the material for students
to construct their own representation of the pathways according to problems presented in the workbooks. In
addition a glossary of terms was provided. The interface (constructed in HTML using Microsoft FrontPage and
Macromedia Flash 2.0), provided students with a series of notes, which, although static in nature, contained links
into the database bound knowledge units. Information was also dynamically accessible via the database, where
objects (terms, molecules, pathways) could be immediately viewed in separate browser windows. The second
course (describing lipid breakdown) was based on a number of essays broken into separate topics that included
molecular data. Notes were pre-prepared by the subject expert and converted into HTML (FrontPage 98) and
graphics and diagrams (Macromedia Flash 2.0). These resources were grouped into essays, structures, processes,
and transport mechanisms on the introductory page. No search or glossary was provided.

Learning Environment: Students worked in groups of three or four at a single computer (Intel Pentium
233MHz, running Microsoft Windows NT, with Internet Explorer 4.0 browsers and Macromedia Flash plug-in
installed) using the supplied on-line material and textbooks to answer questions posed in workbooks. Assistants
and the subject expert encouraged group communication and collaboration, provided support and guided learners
when asked for help.

Evaluation: A number of different instruments were used to evaluate the courses and included: paper- and
electronic-based course evaluation; student interviews and analyses of student performance (pre- and post-
testing; examination results). Paper based evaluations were conducted to measure student attitudes with respect
to enjoyment of and benefit from the course, types of skills leamed, as well as the suitability and feasibility of
integrating technology into the classroom. Students were asked specific questions pertaining to: content
structure; environment and leamning activities; software usage; course structure; and skills and competencies.
These evaluations were conducted at the end of the courses and were analysed qualitatively using QSR NUDIST
(Qualitative Solutions and Research). Students used the on-line Educational Software Evaluation Tool (ESET) to
assess the design of the user interface, pedagogy and interactivity of the software. These results were further
analysed using the Wilcoxin Signed Ranks tests (SPSS, SPSS Inc). Thirteen students, who volunteered and
represented each group, were informally interviewed to probe more deeply student opinions related to the use of
on-line courseware and their use of the learning resources. Students answered questions in the following
categories: personal use, perspectives of higher education, the learning environment, and leaming outcomes and
understanding. Interviews were recorded using a tape recorder, transcribed and analysed using QSR NUDIST.
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Anonymous pre- and post-tests were constructed by subject experts and took the form of short questions (one
word and short paragraphs) that tested the understanding of the course content. These tests were administered
prior to, and after, each of the courses. The Mann Whitney tests (SPSS) were used to evaluate these results.
Performance data (examination results) was analysed using Wilcoxin Signed Ranks (SPSS) tests to identify
significant differences between computer based and non-computer for the current year. A combination of the
Mann Whitney and Wilcoxin tests (SPSS) was use to compare results of the two computer based topics with the
previous year’s results, as well as comparing each of the computer based course performances to the rest of the
course.
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Figure 1. Paper-based student evaluation of the carbohydrate ~ Figure 2. Student evaluation of (1) User Interface and
metabolism (n=44) and the lipid metabolism (n=33) Design and (2) Pedagogy and Interaction using the Education
courseware. (Bar = SE; Categories: 1. Content structure, 2.  Software Evaluation Tool of the carbohydrate metabolism
Course structure, 3. Software usage, 4. Environment and (3; n=42) and lipid metabolism ([3; n=40) courseware (Bar
learning Activities, and 5. Skills and competencies; O - =SE).

carbohydrate metabolism, [3 - lipid metabolism).

Results

Conventional paper based evaluations were conducted to determine student opinion with respect to the learning
environment and use of the software. The questionnaire was divided into six categories (content structure; course
structure; software usage; environment and learning activities; and skills and competencies) and included
statements that students ranked (4-point scale) and short paragraphs answers. Students rated both courses in a
similar manner; the content structure higher than any other category; the carbohydrate course content structure
higher than that of the lipid metabolism course; and the course structure lower than any other category (Fig. 1).
For the carbohydrate course the highest rated statements for each category were: content structure - “It was easy
to find relevant information” (3.2); course structure - “I enjoyed working with Internet-based courseware” (3.2);
software usage - “I found the glossary very useful” (3.0); environment and leaming activities -
comfortable working with the material presented” (2.8); and skills and competencies - “I enjoyed using the
software” (3.1). Similarly, for the lipid metabolism course the statements ranked highest per category were:
content structure — “Development of Internet-based courseware is a good idea” (2.9); course structure

printed notes should have been provided” (3.1); software usage I found the visuals very easy to understand”
(2.8); environment and learning activities — I felt comfortable” (2.8); and skills and competencies ~ “The course
improved my computer skills” (3.1). Statements that scored the lowest included “I would prefer to work on my
own” (2.2) for both courses, “I found the relevant information easily” (2.3) for the lipid metabolism course, “T
found the time allocated for computer usage adequate” (2.2) both courses and “The course required a lot of
problem solving exercises” (2.2) for the lipid metabolism course.

Using ESET students rated the user interface, design, pedagogy and interaction of the carbohydrate metabolism
course software higher that the software used in the lipid metabolism course (Fig. 2). For the carbohydrate
courseware students rated screen appearance (fonts -78.6%; choice of colours - 82.1%), layout (text flow -
76.2%,; consistency - 76.2%), instructions (73.2%); presentation (72%); reading (80.4%); and the search facility
(100%) highly. For the lipid metabolism courseware students rated screen fonts (71.9%) and colours (72.5%)
high, and screen consistency (66.3%), picture layout (69.4%), intuitive interface (66.3%) and text flow (61.9%)
low. Ease of reading was amongst the highest rating components (73.8%) but students found that there were
insufficient links (59.4%). A Wilcoxin signed ranks test indicated that the User Interface section and Pedagogy
and Interaction for carbohydrate metabolism software was rated significantly better than the lipid metabolism
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package (asymptote significance < 0.005, z = -3.845a and asymptote significance = 0.006, z = -2.726a
respectively).

Students were interviewed to further probe their opinions regarding the two courses. Eight students (62%) said
that they have used computers before (between one and two years) and five said that they had not previously
used computers. Four of the students reported that they had access to computers at home. Those that had not
used computers before stated that they soon became familiar with the software. When asked if they were aware
that the computer-based courseware was part of a research project, nine (69.2%) responded positively and four
said no (30.8%). Those who responded positively felt that the initiative was new and exciting, with them being
the first to tryout this new form of learning. Students also felt that it was an improvement over conventional
lecturing since it made learning easier. A few students thought that the approach was experimental and they had
no reference to previous years and that the results of such initiatives are unpredictable since the use of
technology is new. Students were asked if the change in learning environment was comfortable to work in.
Seven students (53.8%) felt that they were comfortable, while three students (23.1%) maintained that they were
not comfortable at first, but got used to the course after a while. Two students responded that they were initially
lost and attributed this to their lack of computer knowledge as well as the wealth of information presented.
However, they reported that they quickly adjusted to the new teaching method. Most of the student comments
centred around interactions in the classroom and listed being able to work individually and at their own pace as
an advantage. This was further probed by asking questions related to group work. Positive responses included
division of labour (two responses), rich social experience (two responses) and ability to discuss problems with
peers, tutors and the subject expert. Students did however maintain that group interactions often broke the flow
of concentration, decreased the work rate and this caused them to work individually. Other problems identified
were a lack of equal contribution, lack of self-discipline and "discussion led by one person". Despite these
problems, seven students indicated that their understanding within the group was greatly improved. The key
supporting features included: group explanations and discussion of key concepts (five responses); helping one or
more students with problems and misunderstandings (four responses) and development of shared understanding
amongst participants (two responses). Students were asked to comment on the difficulty of the content. Eleven
students (84.6%) regarded the content as simple and easy to understand, even though it may have been difficult
to work with the software at first. Although the software was well received, the lipid metabolism software was
found more difficult to use. Students were asked to comment on how they felt using technology compared with
previous or conventional modes of learning. This question provided the most insightful and varied responses
amongst students. Students described different ways in which the technology affected them and made many
references to lectures, which they considered as the conventional mode. Working with software was more fun,
challenging, much better than lectures, encouraged learning, was interactive, allowed one to find information
quickly and easily, made one more responsible, built confidence, improved understanding and made
visualization easier. Students were requested to identify the difference between understanding concepts and
memorization of content. They clearly understood that there was a difference between understanding and
memorization, and that understanding took place before memorization. Students maintained that they did not
remember much of what they learned (five responses), but could understand nearly all of what they covered
(eight responses). Students also felt that their initial experience with the software mentally prepared them to
study for examinations.
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Figure 3. Comparative analysis of average student scores Figure 4. Comparative analysis of student pass rate between

between two consecutive years (O - 1998, n=39; O - 1999, two consecutive years (O - 1998, n=39; O - 1999, n=47)
n=47; bar = SE).

Pre- and post-tests were used to determine student understanding of the basic course content before and after
using the developed materials. Students received no prior warning before sitting these test and had therefore not
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prepared themselves for testing. In the carbohydrate metabolism course, students (n=49) scored an average of
15.8 +1.4% that increased to 34.7+1.4% in the post-test (n=44). Using a 95% confidence level, there was a
significant difference between the pre- and post-test (asymptote significance < 0.005, z =-6.841, Mann-Whitney
test) indicating that students had gained knowledge during the course. In the lipid metabolism course students
(n=39) scored an average of 26.1+1.6% for the pre-test and 34.0+2.2% in the post-test (n=30). The Mann-
Whitney test showed a statistical difference between pre- and post test (asymptote significance = 0.009, z=-
2.596) indicating that students had gained knowledge during the course.

Examination results from the previous year (all lecture based) were compared (Fig. 3.). There was a 4.8%
increase in the current year (66.5%) for the carbohydrate metabolism course and a 5.04% decrease for the lipid
metabolism courseware (55.5%). Students appeared to perform similarly in both examinations. However, the
pass rate for the carbohydrate metabolism course increased from 78.4% to 93.6% (1999) while that for the other
course on lipid decreased from 81.6% to 71.1% (Fig. 4). A comparison (Mann Whitney test) was made between
1998 examination performance and 1999 exam performance using the following sets of scores (1998
carbohydrate and lipid metabolism) - (1998 other courses) versus (1999 carbohydrate and lipid metabolism) -
(1998 other courses). Although no significant difference was indicated (asymptote significance = 0.054, z = -
19.925), the results can be seen as marginal. The 1999 examination performance results were further analysed
using the Wilcoxin Signed Ranks test: the carbohydrate metabolism examination results were significantly better
than either the lipid metabolism (asymptote significance = 0.003, z = -2.948) or the traditional lecture-based °
courses (asymptote significance < 0.005, z = -4.525). No significant difference was found between the lipid
metabolism course and the traditional lecture course results (asymptote significance = 0.111, z = -1.594).

Discussion

In order to gain insight into the use of on-line material in constructivist classrooms two second-year biochemical
courses were redesigned. The carbohydrate metabolism course on-line resources included multiple views of the
knowledge domain, a search tool and glossary. The lipid metabolism course included only text and graphical
resources on the Web. Both courses used a constructivist approach where students, working in groups, used the
resources to answer problems posed in workbooks. A number of instruments were used to evaluate the courses
and included paper and electronic evaluations, interviews and analyses of student performance.

Jarz et al. (1997) stated that a user interface has a significant influence on the ‘look and feel’ of the system and
its success and includes "symbols and colours" as basic but important components. Barker (1990) stated that one
of the functions of user interfaces is to enable the learner to visualize what is happening within the learning
domain with which they are interacting. User interface design should also make full use of technology rather
than "transferring paper or previous non-graphic interfaces onto the screen" (Starr, 1997). Results from the
paper- and electronic-based evaluations, as well as student interviews, clearly indicated that students found the
interfaces easy to use and adapted quickly to the use of the software in the classroom. The carbohydrate
courseware was more highly rated than that used in the lipid metabolism course. While the user interface of both
on-line resources was rated highly, the lack of search tools, glossary and self-testing components, which could be
viewed as cognitive development tools, in the lipid metabolism software resulted in problems in the use of the
resources and made it more difficult for students to find relevant information. These results support the
arguments that the inclusion of different navigational tools supports different navigation styles (Jonassen and
Grabinger, 1990) and learners who are allowed to make choices, answer questions and solve problems, are more
motivation and productive (Jih and Reeves, 1992). The inclusion of a wider variety of navigational, visualization
and self-assessment tools in the carbohydrate package supports the idea that software that actively engages
students in constructive activities biases students towards knowledge transformation activities and away from
simple knowledge replication (Ward and Tiessen, 1997).

Gustafson and Branch (1997) argued that the construction of knowledge and skills occur while learners interact
with peers, media, content and tcachers. Berge (1997) introduced the term "authentic learning activities” that
includes inquiry, problem-based activities, case studies, projects, peer critique and support and self-reflection.
While some students would have preferred lectures they argued that group work supported the development of
understanding and felt that group work encouraged learning.

Reiser and Kegelmann (1994) stated that together with student "attitude data", the pre- and post-test method is a
way of improving courseware evaluations. Use of such a method here found that students gained some insight
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into the concepts of both courses. Evaluation of examination results show that students performed better in the
carbohydrate metabolism course compared to the lipid metabolism and traditionally taught courses. While both
courses used constructivist principles, performance was only increased in the course that included software that
provided leamers with a richer set of tools to interrogate information and thereby build knowledge. It is
interesting that students would have preferred written notes for the lipid metabolism course as they are familiar
and have developed skills in using such media. The carbohydrate metabolism courseware consisted of discrete
knowledge units (molecules, terms, pathways) and processes (reactions and control aspects) that fit more easily
into a constructivist model. The lipids metabolism courseware was essay-based and textual in nature. The level
of interactivity differed significantly between both packages and information was not rigidly structured in the
carbohydrate on-line resource. Another important feature that distinguished the packages was the ease of
navigation: the carbohydrate metabolism software was much easier to navigate and far more intuitive than the
lipid metabolism software. Finally, the carbohydrate metabolism software proved to be more motivating in terms
of fun, graphics and student interest. The results presented here clearly show that the use of on-line resources to
provide information only provides no benefit to learners while those that are richly textured and include different
navigational paths, are built of small interrelated knowledge blocks and include cognitive development tools
improve learning. Therefore, computer-learning resources that are just electronic textbooks offer little value in
knowledge development.
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Abstract: The introduction of communications and information technologies in
the area of education tends to create a totally different environment, which is
marked by a change of the teachers’ role and a transformation of the basic
components that make up the meaning and content of the learning procedure as a
whole. We could say that, despite any changes, the training process is subject to a
tayloristic linear model of production, which takes the student at childhood and
gives him back to society and the dynamics of the market with the hope that he
will be able to respond creatively to the constantly increasing demands. As the
student moves on the school assembly line, the teachers at the various levels give
him the knowledge that has been worked out for each level in a predefined and
uniform way. Is the introduction of training technology going to help reverse the
closed mode! of training process, as we have known it up to now, or is it just going
to modernize the ways and methods, keeping the main body of the training
assembly line unchanged?

1. Introduction

In an era that everything around us is changing at incredibly fast rates, the contemporary human being
as well as the social structures that he has built during the ages, are trying to cope with the new
demands that are being created. A peculiar technological environment covers the current borders of
conventional reality, which seems to retreat scared, yielding more and more vital space to the new
information age. Computer systemsare at the peak of technological development, as they constitute the
most characteristic advanced party of the new age. From large, hard to use and complicated computing
systems, we passed to the era of the personal and easy to use PC which invaded our offices and became
an integral part of our daily working life. PCs were equipped with advanced communication capacities
and transformed from a medium for facilitating the management function of a business, to a
mechanism for interconnecting users with innumerable data and information sources with the help of
the Internet. The mass production of PCs at reasonable prices for the average consumer set the basis
for the penetration of new technologies into the everyday life of the contemporary human being.
Nowadays, the use of a PC not only in the office but also at home is so common, that many people find
it hard to distinguish the borders between their business and social life. A lap-top connected to the
internet with the help of a mobile telephone can accompany us wherever we go, whatever we do. The
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basic relationship between the human being and information is reversed (Anastasiades,2000). The
information nowadays travels through networks towards people who are looking for it from a fixed
geographical point via their personal computer. The same applies to merchandise, to consumer goods,
to studies, training, work and even entertainment. Electronic networks will partly replace transport by
land, air and sea and will further develop into information highways reaching every household. The
Information Society does not lie in the distant future, we already live in and experience it through a
many of its applications. The education sector is one of the Information Society’s main priority, one of
the most important pillars of the new digital age (COM (96), 471 final). The Information Society is
based on the informed citizen, on the person who knows the advantages and the challenges of the new
era, as well as the ways with which he will seize the opportunities which will be presented to him. The
Information Society is based on the aware citizen, on the human being who will be aware of the
negative consequences of the advent of the new electronic reality and who will seek ways to avoid or
to reduce the possible consequences. The Information Society needs all the citizens without exceptions
and exclusions, as it concerns all of us, and affects all sectors of human activity (COM (95), 590 final).
The velocity with which new applications are transferred from a company’s laboratory to our everyday
life is incredible. The downgrading of the basic cognitive competencies of modem human beings, is
taking place in a much shorter period of time than in the past, and as a result nowadays entire age
groups are threatened by labour extinction if they do not adjust to the new circumstances within the
shortest possible period of time. The demand for continuous adjustment to what is "new", is pushing an
entire era to its limits, an era that tries with dismay to synchronize itself with the dictates of an entirely
different reality. The educational process is presented as the most important tool in the context of
transformation towards the Information Society, as its role is to ensure for the citizen all the necessary
means in order to manage in a completely different environment, a characteristic feature of which is
the continuous effort for creative integration in a rapidly changing world.

2. Characteristics of the conventional — linear model of education

In the existing educational model we can readily locate certain characteristics, which, regardless of the
changes and modifications that were occasionally made, remained unchanged and were correctly
labeled as the components of the traditional educational system. The first basic characteristic has to do
with the role of the teacher, who for years used to be practically the only source of knowledge in the
classrooms. The second component has to do with the role of the student, who, within the conventional
model, was restricted to a more passive role (lessons attendance, study, taking exams etc.) The training
tools (books, notes etc.) that for years formed the two poles of education remained unchanged as to
their basic characteristics. One could say that the training process, the way it was established during
the years, might be associated with the production line of a commercial product as part of the industrial
model of evolution (More Ch., 1997). On the production assembly line we have the subject of the
training procedure (the students) going through its pedagogical shaping and knowledge enrichment by
the trainers, who play the role of the traditional industrial worker. Utilizing their knowledge and skills
in due time and in a predetermined way depending on the production stages, they contribute to the
production and development of a learning and pedagogical standard, which has been found to carry the
basic characteristics imposed by the market or society demands in different time periods. The
introduction of the new technologies of communications and information in the leaming areas is a
necessary factor for the modemization of the whole system. The question is whether the new training
technologies will modify the linear model of education, as we described it above, or just contribute to
the modernization of its components, leaving its hard core intact. The development of an open learning
environment which will go beyond the linear model of education that was established in the industrial
age should not be just a theoretical starting point but also a delimited starting point of efforts carefully
planned.
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3. The new hybrid type learning environment

3.1 The introduction of information and communication technologies into education sector

The introduction of information and communication technologies into education significantly changes
its structure and operation as it has been until now. The basic relationship between educator — learner is
reversed as through electronic networks the educational process is transferred to the learner's private
space, no matter how many kilometres separate his/her from the educator (DeLoach, 1995). The rapid
development of new technological communication and information technology applications
(teleconferencing, electronic file transfers, etc.), the electronic interconnection of learning units and the
penetration of educational multimedia into the basic body of the leamning procedure, establishing is
distance learning as the indisputable pioneer of major and radical changes in the wider educational
environment (COM (91), 388 final). Through teleconferencing (Retalis, Papaspyrou, Markakis,
Skordalakis, 1998) learners can attend organized units of classes and lectures from anywhere they
choose and are able to intervene, to ask questions, to exchange notes, reading lists, etc. With a PC and
the necessary multimedia applications, a learner can participate in the educational process, acquire
knowledge in which he is interested, evaluate his learning ability or even be evaluated from the
distance learning centre which will be able to certify his/her knowledge. This living form of the
educational process in combination with educational multimedia applications through electronic
networks, are literally changing the educational map by offering immeasurable possibilities, which
until now were to be found in the realm of desire if not that of fantasy (Rowntree, 1994).

3.2 The meaning and content of the hybrid learning environment

A hybrid learning environment is one in the context of which we try to combine in the best possible
way new technological applications — that set the educational process free from its constraints in time
and space — and the respective pedagogical references to the basis of the traditional educational
procedure school of thought (Anastasiades, 2000).

By the term traditional approach we refer mainly to three points of view.

e The relationship between the educator and the learner is unique and cannot be repeated,

e The educational area is an area for socialization, for promoting collective forms of
organisation, an area of competition and noble emulation, an area where human and social
bonds develop.

e In the centre of the educational procedure lies the human being and the major universal
values.

Aided by the basic information society services, digitised information can be transmitted to the end
user via his computer screen thanks to rapid developments in telecommunications and networks.

The integration of all network applications and the basic services in the context of the
international Internet makes it the integrated platform for implementing the new educational
hybrid environment (Washington DC, 2000).

3.3 The components of the new hybrid environment — The example of a university

The basic characteristics of the new educational environment are the following:

A. Open and distance learning :Conventional educational programmes demanded that learners be
present at the place of learning, a fact which used to make it hard for some categories of people to have
access to sources of knowledge. The introduction of information and communication technologies in
the education sector has significantly changed both the structure of education and the way in which it
has worked up to now (Holmberg 1986). Through a networked computer and the necessary
hypermedia applications, the learner can participate in the educational process, acquiring the necessary
knowledge, evaluating his learning ability while he can also be evaluated from the distance learning
centre which will be able to certify his/her knowledge. The application of intelligent teaching systems
with the use of advanced tools -Intelligent Agents- (Tecuci, 1998) which recognise some peculiarities
and difficulties of the learners and which guide the learner accordingly, create a peculiar personal
communication relation between the learner and the teaching system. Through teleconferencing
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learners around the world can attend a series of classes and lectures at American or European
universities without going anywhere and are able to intervene, to ask questions, to exchange notes,
reading lists, etc. Distance learning modifies the vital relationship between educator - learner, as it
creates a virtual learning environment, in which the educator’s role seems to be degraded as he/she
does not retain the predominant role that he/she had in the conventional educational context.

B.Electronic interconnection between places of learning and universities: Until now Universities all
over the world were independent units of educational and research efforts which communicated among
themselves depending on the relationships developed between their members. The electronic
interconnection of universities will contribute to the creation of a virtual area of collaboration and of
development of the relations between the members of the university community as well as between
learners from all parts of the world, encouraging mobility among academics, the joint development of
numbers of research tasks, and the widest possible exchange of views and ideas and subjects of
common interest. The failure to widely disseminate findings to other institutions inside or outside of
the countries of origin makes inter-scientific cooperation more difficult while also contributing to the
waste of human resources and intellectual effort expended by Universities. The creation of a network
for Universities and research centres allowing access to their research, scientific announcements and in
particular their libraries is considered an immediate priority. In this way directly interest parties can
gain access to research in the fields of their choice, come into contact with other researchers and
scientists exchanging view and promoting their subjects by encouraging collaboration or other forms
of cooperation.

C. The meaning of lifelong learning: The rapid introduction of new technologies in the wider working
and social environment, downgrades existing knowledge with incredible velocity resulting in the
urgent need for the continuous improvement and upgrading of qualifications so that holders of
qualifications can respond to new realities. Life long learning is one of the most important priorities of
the new approach to education and implies the need for an ongoing dynamic adjustment of learning
skills, and of changes occurring in the labour and social environment. This fact gives the learning
process a permanent character since it is something which accompanies people throughout their whole
professional and social life.

4. Speculation — Requirements for the development of an open learning
environment

The introduction of new educational technologies really defines the conditions for the creation of a
new learning environment. It would be wrong to say that the use of new technologies would be
sufficient in itself to form an open environment of education, thus reversing the linear traditional
model.

Start of training procedure — Educational Assembly Line — End of training procedure

l N Students I

Teachers

Figure 1: Tllustration of the conventional linear model of education.

At this point, it would be useful to describe the most important facts which, combined with the
introduction of the training technologies, form the concept of the open learning environment. The first
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basic characteristic concerns the evolvement of the teacher’s role, in the sense that he should now
reconcile to the idea that he will lose the uniqueness of his role, since from an absolute authority of
knowledge will evolve into a coordinator of many different sources of knowledge and the respective
training tools. At the same time, he needs to get familiar with the idea that many times he will leave his
traditional place (outside the assembly line) and will move through the new roles that will be
developed either inside or outside the conventional imaginary production line of his educational work.
The second basic characteristic of the new model will be about the student, since he will now leave the
passive position he was in on a permanent basis inside the training assembly line, and will alternatively
take the role of an active factor of the training procedure. This can be achieved through the assignment
and presentation of projects, the development of learning activities by the students and the connection
of the training procedure with the social and production evolution as an integral part of the training
procedure in its new form. The third basic characteristic is about increasing the efficiency of the
learning tools that are now available for both the trainers and the trainees. The development of internet
sites for the courses, the use of modem training material through the utilization of multimedia, the
accessibility to countless sources of data, the use of synchronous and asynchronous communication
between students and between teachers create in fact a different environment of incredible potential
and alternate learning approaches, mainly at the level of the training methods that can now be used.
Finally, the introduction of the philosophy of the longlife training in the learning process also releases
it from its temporal limitations, since education, in various forms and aspects, will be with us
throughout our professional life. We could say that, under the above conditions, the training procedure
in the new hybrid environment is changing its structural parts and particularly:

a)The relation between teacher and student, by establishing the principle of changing roles, either in
the conventional classroom or the virtual one or its hybrid form. b)The relation of the teachers with
teaching itself, since from a unique source of knowledge they evolve into coordinators of numerous
sources of information, changing the learning objective from accessing information to the handling and
processing of timely and reliable flow of information. ¢)The relation of the students with the new
environment, where the two factors equation of course attendance — examinations is replaced by the
three factors equation of active participation in the training procedure, creation of a personal hybrid
learning area, multiple and two-way approaches of evaluation. d) The time frame of the training
process, which quits the rationale of starting and ending and enters into the lifetime education.

All the above form the concept of the new hybrid type open educational environment, where the
leamning procedure is released from its traditional limitations in regards to time, space and
methodology, allowing the formation of a new consideration, which on one hand will help abolish the
linear model of education, and on the other hand will lay the foundation for new types of .

methodological approaches in the area of education.

Lifelong
Learning

The new

The new
role of the

role of the
student

teacher

N

Use of new
training

Figure 2: The components of the new hybrid type open learning environment
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5. Conclusions

In the context of the emerging Information Society the use of basic teleconferencing, email and
electronic file transfer systems in combination with the optimum use of the world wide web are
changing the educational landscape as we know it today. The basic characteristics of the new
educational environment focus on the process of open, distance learning via electronic connections to
universities and on life long leaming. The hybrid leaming environment is a conceptual and functional
integration of traditional educational methods and new modem approaches. Nevertheless, the
introduction of new educational technologies and the new hybrid leaming environment in particular
does not constitute in itself a sufficient and necessary condition to reverse the linear traditional model.
The creation of an open leaming environment requires the evolvement of the teacher’s and the
student’s roles, as well as the optimum use of the training tools in the direction of changing the
learning approaches and training methods, and finally the familiarization of all those involved with the
fact that the training procedure will be with us throughout our professionat life.
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Abstract: E-learning is a rapidly growing concept and activity that sprung up due to
advances in media technology. We are concerned with the security and credibility of
evaluation and assessment in e-learning. The aim is to discuss the essential aspects of
assessment, that need to be addressed in a security model and policy for credible e-
learning.

The case for and the concerns about E-learning

In 1990, there were 48 million people studying in institutions of higher education, according to a
report by Merrill Lynch. By 2025, there will be 160 million people who want to study in universities. (Kelly,
2001). Tt is inconceivable that traditional systems will be able to meet these needs. Distance education will be
required to satisfy this demand. Distance learning in the form of studying by correspondence has been around
for a long time. But rapid advances in networked communication and the ease with which “hypertext” media
can be created are revolutionizing distance-learning programs, and such programs are becoming a normal part
of the education practices of many universities (Schar & Krueger, 2000).

There are still significant problems to be overcome, however. Some are technical. For example, the
quality and speed of video transmission over the Internet is still inadequate. More serious are cultural issues
related to teaching and learning. The Open University of the United Kingdom (OU) has found that its distance-
learning students hunger for face-to-face tutorials (Technology Strategy for Academic Advantage, 1998). The
challenge of achieving social involvement among students (virtual and real) and between students and teachers
in the distance-education context will be the focus of research for many years to come (Schar and Krueger,
2000).

Perhaps the biggest challenge to the success of distance education is establishing that distance
learning is a credible alternative to more traditional, classroom-based approaches. Academics are divided about
the merit and reliability of e-learning. Some are enthusiastic and supportive, but many others are sceptical.
Keys to this debate are a number of questions, including: How can the confidentiality and fairness of
assessments be guaranteed? How can standards of qualifications gained by e-learning be maintained? We aim,
through this paper, to discuss some possible answers to these questions and to open the discussion about how to
develop a framework for assessment and evaluation in e-learning.

Assessment and Evaluation in e-learning

Assessments and evaluation of students' work are essential components of education. Examinations,
essays and research papers are the main tools. Assessment is not only about ranking students and measuring
their knowledge and comprehension. It also allows students an opportunity to rehearse skills and gain
feedback. Over many years, a variety of assessment standards have developed around the world, and different
certificates are compared according to their examination procedures. Developing a model for secure and
credible assessment-and-evaluation systems for e-learning must be seen as an evolutionary process. However,
an initial framework must address two closely related and complementary issues:

Perception improving measures: The credibility of any educational system in large part depends on
public perception of the security and faimess of its evaluation procedures. To reassure the public, and
employers, the assessment standards of e-learning programs need to be seen as comparable to those used by the
most trusted traditional institutions. Independent advisory groups that oversee distance-education programs
and assure transparency and adherence to high academic standards are essential for a trusted public image.
Appropriate supervisory and auditing infrastructures should be a pre-requisite to funding for “virtual”
institutions.

Methods of assessment: In traditional universities, assessment is based on a weighted combination of
coursework and written and oral examinations. Systems that give less weight to examinations are perceived by
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many academics and employers as less reliable. This view is hotly debated, but it must be taken seriously when
thinking of standards for e-learning systems. In such a situation, it pays to be prudent and suggest that
examinations account for a very significant part of a student’s final mark. Traditionally, examinations are done
under controlled conditions, and plagiarism and impersonation are a greater threat in distance-learning
settings. Regional examination centers that are manned and monitored are one solution that could instil a good
measure of confidence and fairness.

External involvement: Most degree programs in traditional universities, especially postgraduate
programs, are regulated according to well established and fairly standard examination systems and procedures
that involve trusted independent external examiners from other established universities. There is a need to
establish a comparable system that draws on the experience and expertise of the global community, which must
be regularly monitored and adhered to with rigour.

Security Model and Policy

The most difficult and crucial step to establish the credibility of e-learning could well be the
development of an effective security system. Various models have been developed and refined to deal with the
issue of security for different information systems. Examples include models for intelligence services, financial
systems and health-information systems (e.g. Anderson, 1993 and Golimimann, 1998). E-learning shares
many of its security concerns with other information systems, but it has some unique characteristics as well.
Here, we will confine ourselves to the security aspects of assessment and evaluation for e-learning institutions.

A threat model: To construct an effective security system, it is first necessary to accurately outline
possible security threats. This would consist of a list of threats that are supported by empirical evidence of
actual attacks against similar systems. Here we are at a disadvantage, because there is, as yet, insufficient
experience with e-universities and their nascent evaluation systems. Therefore, we must rely on the experiences
of traditional universities in the Internet age, as well as the experiences of the OU and its sister institutions.
The main threat to the coursework component of the assessment system is plagiarism. Universities are
detecting the spread of plagiarism in students’ work and the Internet is becoming a plagiarism-enabling tool.
For examinations, the main threats are impersonation and cheating. Corrupt staff at regional testing centers
could also threaten the examination system. The potential global nature of e-learning means that this threat
has serious implications, even if it occurs infrequently or at a small number of sites.

Security policy: The intended policy should have a clear and uncompromising statement on the
seriousness of plagiarism. It should also specify detection procedures as well as the consequences of breaches.
Prevention of impersonation and cheating must be given a clear priority. It is crucial to have a policy of
publicising breaches and the actions taken against their perpetrators.

Enforcement plan: Enforcement mechanisms must be clearly defined and publicized. Detection of
plagiarism may require the use of textual profiling software. The use of non-local staff, security cameras and
biometrics-based identification systems may all be appropriate ways to prevent fraud. Random inspection of
test centers during examinations is a must. It also is essential that independent outside authorities be involved
in the design, evaluation and enforcement of security measures.

Conclusions

In this short paper, we discussed the security aspects of e-learning systems. In particular, we outlined
the elements of a strategy to protect assessment and evaluation for (virtual) institutions of higher education.
This brief discussion is meant to initiate a more substantive work that could aid in the establishment of secure
and credible e-learning systems.
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Algorithm Visualization using QuickTime™ Movies

Jay Martin Anderson
Department of Mathematics
Franklin and Marshall College
USA
j_anderson@email.fandm.edu

Abstract: The steady evolution in algorithm visualization increasingly favors student
interaction with the visualization over the instructorQs display of the visualization.
Consequently, ease of delivery, support for multiple platforms, ease of use, interactivity, and
protection of the source are important qualities of an algorithm visualization. Java applets and
QuickTime" movies represent two ways of delivering algorithm visualizations to students via
the intemnet which have some or all of these qualities. Visualizations of algorithms from
computational geometry will be presented as illustrations of these techniques.

Introduction. The pioneering work in algorithm visualization (Brown, 1988) provided a rich, interactive
graphical display to help a student understand the workings and properties of an algorithm. The essential
characteristics of this technique (BALSA, etc.) included:

¥ tight coupling of the algorithm with the visualization;

¥ algorithm and visualization available for one platform;

¥ the algorithm visualization delivered on diskette or from a file server;

¥ interactivity included some choices of mode of presentation and size or
nature of dataset.

The tight coupling of algorithm to the visualization worked against those institutions which had few fast, full-
color monitors or display systems, and made it difficult for a student to work with the algorithm code alone.
The decoupling of algorithm and visualization, with systems such as GAIGS (Naps, 1991) allowed a student to
code an algorithm herself, and present the results of the algorithm to a visualizer which could run on another
machine. This enabled the algorithm to be coded on any machine in any language; visualizers were provided
for certain target machines. The communication between the algorithm and the visualizer was by means of a file
which contained descriptions of Oimportant eventsO in the life of an algorithm (for example, the comparison of
two pieces of data; the interchange of two pieces of data).

Heretofore, the student could watch the visualization, but could not interact with it. Several reports suggest that
easy access to the animation, textual annotations and questions in the animation, and interaction with the
animation is important for student learning (Lawrence, et al., 1994; Byrne, et al., 1996; Kehoe, et al., 1999). It
is to these issues that the present work is chiefly aimed. Our goals, therefore, include:

¥ rapid and convenient deployment of an algorithm visualization via the web and onto several platforms;

¥ some choices regarding the nature of the visualization, parameter s of the algorithm, size and characteristics of
the dataset;

¥ some interactivity by which textual messages can be presented to the student, including questions which the
student should answer before proceeding.
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The Java applet meets most of these characteristics: applets can be attached to most web pages, and Java virtual
machines are available for many platforms and most web browsers. The applet can be constructed to permit
student choice and can provide text which either explains the workings of the algorithm or asks questions of the
student. Applets have relatively small download sizes, since most of the functionality is contained within the
virtual machine on the studentQs platform.

But, not all browsers work alike, and therefore differences in applet appearance are beyond the control of the
implementer. Although the author has constructed some applets for algorithm visualization, his work has
primarily been the construction of QuickTime movies.

The QuickTime movie also meets most of these criteria: movies can be embedded in web pages, or streamed
from servers. QuickTime players and browser plug-ins are available for many platforms and browsers. It is
difficult to provide choice in data or presentation. Therefore the viewer must choose among several similar
movies which span the data space or parameter space. Recent advances in QuickTime technology allow the
presentation of text along with the moving picture, and allow for interactive control of the presentation by
means of Osprites.O The sprite OtrackO and text track are the mechanisms for student-instructor interaction.

The disadvantages of the movie are that one forgoes an element of interactivity: the student cannot, for
example, choose a dataset; he must choose a movie. This means that the instructor must provide movies which
provide a thorough examination of the data space. Another disadvantage is that movies are large, and even
though they can be streamed, or fast-started, there can be a considerable waiting time before the student can use
the visualization.

The algorithms. I chose to use algorithms from computational geometry to explore the possibilities of using
applets and movies in computer science instruction because they are intrinsically graphical, and because
existing treatments of these algorithms have rarely used a text accompaniment.

The QuickTime movie technique. Movies are constructed from a program written in C or Java. At each step
of the visualization, a picture is drawn to an offscreen canvas; this picture then can be displayed on-screen, and
can be conveyed to the codec which controls the movie track. The text track for the movie was developed in the
same way: at each step of the algorithm, text was posted to a text track.

Finally, student interaction, in the form of question and answer, was implemented with a sprite track. The sprite
track was not developed programmatically, but with the software Livestage Professional” from Totally Hip
Software, Inc.

Movies were constructed using QuickTime Pro versions 4 and 5. Movies will run with AppleOs QuickTime
player or plug-in (the OproO version is not required for playback); most should run with QuickTime version 3
as well.

Demonstrations. QuickTime movies are available to illustrate several algorithms from computational
geometry: the convex hull problem, the intersection of line segments and the Voronoi diagram. See
http://www.fandm.edu/Departments/ComputerScience/compGraph/CompGraph. html#VizCompGe
om
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Web-based Strategies for Improving Undergraduate Commitment to
‘ Learning

Malcolm Andrew
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Abstract: Students need a variety of ways to encourage them to learn. Web-based learning can
provide a platform for achieving this in a variety of ways, other than the simple provision of “flat”
lecture notes. This paper describes a range of strategies used in a module to encourage on-campus,
full-time undergraduates to learn and presents feedback on this approach from three cohorts of
students. It represents the use of the Web to augment traditional face-to-face teaching rather than
to replace it.

Introduction

Web-based learning is ideal for learners studying at a distance but also offers a range of learning opportunities for
full-time, on-campus undergraduates (Ryan et al. 2000), many of whom may need help to increase their commitment
to learning. A number of factors are driving the use of web-based learning in undergraduate curricula, including:
¢ the rising expectations of students to use this technology in their learning;
o the benefits that this form of delivery offers in providing an “always on” source of interactive learning that is
easy for the tutor to keep current;
o the need to teach larger groups of students;
¢ the need to offer learning flexibility to the increasing number of full-time students with part-time jobs;
¢ the need to compete with other providers of higher education that are not necessarily traditional on-campus
universities;
¢ the use of this new technology being implicit in the Dearing Report (Dearing, 1997);
e university strategic plans for learning and teaching where the adoption of this technology is explicit.

This paper describes a number of web-based programs produced by the author which he uses to augment, rather than
to replace, traditional face-to-face delivery of a pharmaceutical microbiology module to second year undergraduates
on a 4-year MPharm course. It also reports students’ feedback and attainment after using these programs.

Microbiology Practical Tutor

Students are required to work through a web-based practical tutor (Fig. 1) before coming to each laboratory class.
Each laboratory session has its own set of web pages which explain, using high-quality images, the tasks to be
undertaken in the class. Questions are posed about the underlying principles behind the techniques and links are
offered to sites on the World Wide Web, such as the UK Public Health Laboratory-Service site. In this way,
students arrive for the class better prepared, the introductory talk session in reduced and the exercises are completed
more efficiently. In addition, the students gain experience of using a range of resources on the Internet and are able
to place their learning of practical skills into a practice context. To ensure that this web-based preparatory work has
been undertaken, an open-book spot test is given at the beginning of each class, which contributes towards the
students’ coursework assessment. This web tutor also provides examples of positive and negative results that can
be expected in the experiments so that students know beforehand what to look for when they return to the laboratory
in a subsequent class to read their results.
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Microbiological Calculations Tutor

The ability to successfully undertake simple calculations is obviously important to prospective pharmacists, who
eventually will have to correctly calculate drug doses. Yet, undergraduate students are notoriously bad at
calculations. A web-based Microbiological Calculations Tutor has been written for them to improve their numeracy
(Fig. 2). Students are given three weeks to work through this tutor in their own time and at their own pace before
undertaking a time-constrained test without the use of calculators. Each time the test is run, the questions remain the
same but the values are changed so students are advised to repeatedly use the package until they become proficient
in each type of calculation. A HELP text box is provided for each question, which describes, in simple terms, a
method for arriving at the solution. This package has proved popular with students (Tab. 2) and its use has
improved their ability to perform the calculations (Fig. 4).

Interactive specimen examination paper

To give practice in answering the end-of-module written examination, an interactive specimen paper is provided,
which students work through in their own time. Besides familiarising themselves with the format of the paper,
students can attempt to answer the specimen questions provided and receive on-line feedback on their responses
(Fig. 3). The second section of the exam paper consists of multiple response questions (MRQs) and a separate web
tutor is provided to practise these. The MRQs are fully randomised and provide the opportunity for students to see
the impact of the imposed “negative marking” on their performance. Questions are presented 10 at a time and
students are encouraged to repeatedly use the tutor until they feel confident to answer the questions correctly. A
different bank of questions is used in the real examination paper.

Question 1

Draw a diagram of a section through a typical bacterial endospore. Label the parts and indicate. which
structure is thought to be responsible for the chemical resistance of endospores.

[Backto exam paper]

“You-should beable to draw a diagram like the.ane below. Can you label the parts corectly, by
‘inserting the appropriate number in each box? Click the DONE button when you have finished..
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Figure 3: A web page from the interactive specimen examination paper showing the feedback given after the user
has completed the question and pressed the DONE button
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Feedback on assessment and teaching

Part of good teaching is to provide adequate and timely feedback to students on their assessment. The author uses
web pages to do this. Feedback is given in the form of general comments and as histograms of coursework marks
and examination performance, so that students can place their own achievement within the context of the whole
cohort. The data showing the improvement in performance after using the Microbiological Calculations Tutor was
published on the module website (Fig. 4) to encourage students to perform as well in similar questions in the end-of-
moduie written examination.

It is equally important to elicit students’ views on the delivery of the module, to provide them with an analysis of the
results and for the tutor to respond to their comments. This shows studenis ihai iheir connnenis are valued and aiso
closes the quality loop. The results of all questionnaires completed for the module are published on the website,
together with the tutor’s responses to the students’ comments.

i) Many of you liked the microbiological calculations tutor. The histogram below shows
@%\ﬁ that, for most of you, it improved your petrformance in the spot test on these
be M ONZ,F,QRT microbiological calculations. Remember to run this tutor again before the written
UNIVERSITY examination since, as you know, there will be a short question on these calculations.
LEIC LTI
; Performance In the microbiological calculations spot tests before and
Ph@rSite ho
r = after using the Microbiological Calculations Tutor program
PHAR2404: o Sweermmmeemo
RESULTS OF D Before using program
FEEDEBACK o5 | . BAftor using program
QUESTIONNAIRE
ON WEB SITE g
8 20 4
=
]
5 18
) 2
200072001 session £ 10 -
Z
99/2000 session 51
v o B
98/99 session 0 . 2 ) . s s
Number correct {out of 6}

Figure 4: A web page summarising student feedback on use of the module website, showing the tutor’s feedback
returned to students on their calculations assessment

Putting their studies into context

In vocational courses, like Pharmacy, it is desirable to put the course into the context of the profession wherever
possible, so that students can see the relevance of their studies and increase their commitment to the course.
Students on our MPharm program are provided with PharmScape, which is an interactive website describing the
profession of pharmacy (Andrew, 1998). It uses, as a contextual device, the story of the development of a drug from
its discovery to its delivery to the patient. As the story unfolds, each of the modules in the MPharm program is
introduced to show how they fit into the overall picture. Hyperlinks are provided to show the content of each
module. Students are encouraged to refer back to this website regularly during their studies to help them relate
learning to practice.
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Other web pages for the module

Other learning material that is provided as web pages for the students studying this module includes:

o alist of learning resources, including links to the publishers’ websites of the recommended textbooks and to
on-line bookshops for possible book purchase;
lecture outlines and the assessment criteria for the module;

e Dangerous Microbes, an interactive tutor for learning the names of microbial pathogens and the diseases they
cause;

e The lecture presentations (as HTML versions of the author’s PowerPoint presentations);

e Microbes in the News, links to relevant topical articles from UK newspapers and other media.

Student response to the web-based learning for this module

Student opinions of the web-based learning packages for the module were elicited by means of an anonymous
questionnaire. Students responded to the statements using a S-point Likert scale with the options: strongly agree,
agree, neutral, disagree, to strongly disagree. Table 1 summarises the results from questionnaires completed by
three cohorts of students.

Percentage of students agreeing/strongly
Statements agreeing
1998/99 1999/2000 2000/2001
n=81 n=89 n=79
A) It enhanced my learning experience 95 86 96
B) It was clear and easy to use 96 95 97
C) It was of the appropriate intellectual standard 89 90 91
D) Iliked learning in this way 56 44 64
E) Itincreased my interest in microbiology 47 44 44
F) It increased my confidence in using computers 63 44 46

Table 1: Summary of an evaluation of the module website completed by three cohorts of students.

The data show that a high proportion of students felt that the web-based material enhanced their learning experience,
that it was clear and easy to use and that it was of the appropriate intellectual standard. Some students were less
enthusiastic than others to adopt this technology (see statement D; Tab. 1), but this is not an uncommon finding
(French et al. 1999). Face-to-face discussion with the students on their questionnaire responses revealed that the
low score for statement F was because many of them felt sufficiently confident in the use of computers before
undertaking the module (a tribute to a previous module in which this topic was taught). Generally, there is
remarkable consistency between the responses of the different student cohorts.

As part of the questionnaire, the students were invited to add written comments if they wished. Over one third of
all respondents chose to do so. All comments were positive; Table 2 shows a representative selection of them.

104

Page 57



O

ERIC

Aruitoxt provided by Eic:

“] found the website very useful and easy to follow. The microbiology practical tutor and the dangerous
microbes programs were very good. Study would be a lot easier if all lecturers had a website like this.”

“"] use the website regularly and find it very helpful. Backs up the lectures and practicals successfully.
Increases my confidence for the phar2404 module."

"I think that the website is very good and has been very helpful to me. Also provides extra material to make
the practical part of the course feel complete. Very useful."

"Practical tutor helped in practicals a lot."

"The practical tutor was excellent for information about the forthcoming practicals but gaining access to them
was sometimes difficult and very time consuming if there was no Internet access at home."

“The website was a different way to aid learning and encouraged more effort to be put in to preparation for
the labs.”

"Computer program was very useful, especially the microbiological calculations tutor."

“The calculations tutor was very good as the answers were given and explained in a very understandable
manner. This was good as many modules expect you to excel in maths and not all of us do.”

“The website is an excellent way to receive information. The only problem being that the printers in the
computer node are rubbish and therefore taking printouts is difficult.”

Table 2: Student comments on the web-based learning material used to deliver the module

Conclusions

Experience of delivering this module over three academic sessions, suggests that using web-based learning to
augment traditional face-to-face teaching was successful, both for the tutor and for the students. The website was
well used, with some hits even being recorded on Christmas Day on two consecutive years! Student performance
in, and commitment to, the module was enhanced, as judged by the feedback questionnaires, attendance at classes
and by achievement in assessments. It was clear from the student behaviour that, like many tutors, students find it
difficult to shed the “hard copy habit”, feeling the need to printout most of the web pages. This has implications for
the support provided for them to do this (see last comment; Tab. 2). Moreover, the amount of web-based learning
that is expected of students needs to be carefully judged to avoid “screen fatigue” amongst learners.

It is felt that providing web-based material is an ideal way of augmenting learning in the traditional on-campus
setting, although it is arguable whether the “sage on the stage” should be replaced by the “guide on the side” for this
group of learners. Full-time students have a right to expect access to their tutors and, for this reason, the author has
not yet provided a chat-room for this module.
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Development of Technology Based Distance Learning: A Case Study of the
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Athabasca University, Canada’s largest open, distance-based university, was established in 1971. The
University offers both graduate and undergraduate programs. Registrations in the 2000-2001 academic year
totalled about 36,000. Though originally designed to serve the needs of Alberta adult learners, more than 50%
of University’s students now reside outside Alberta. Students outside of Canada accounted for about 5% of
2000-2001 course registrations and this percentage is growing. The Centre for Commerce and Administrative
Studies (CCAS) is the undergraduate arm of the University’s Open School of Business. Undergraduate business
courses account for about 13,000 annual course registrations, or over 1/3 of the University’s total undergraduate
registrations. At present, there are about 20 faculty members in the Centre.

Over the past several years, CCAS has introduced a fully integrated electronic learning system in
addition to providing distance education by traditional paper-based instructional material and telephone support.
The process started with the introduction of the Call Centre in 1994, designed to increase student access to
administrative and academic support. Instead of the traditional one-on-one tutor-student relationship, students
were able to call or e-mail front-line “learning facilitators” who are available approximately 60 hours per week.
The Call Centre handles all initial academic, administrative or technical inquiries from students in CCAS print-
based and technology-based distance learning (TBDL) courses. As well as improving student service, the
introduction of the Call Centre has reduced overall delivery costs. The related financial savings enabled CCAS
to develop an integrated Web-based learning environment using Lotus Notes. Group interactivity, audio/video
streaming, simulations, electronic assignment submission, on-line exams, and related electronic student support
services have gradually been introduced in various courses. Although this system was originally used to convert
unpaced, paper-based homestudy courses to TBDL format, it has been modified as of September 1, 2000 to
offer paced business courses in “e-class” format. These courses have cohorts of students instructed by an online
academic, and commence every September and January for 14-week periods.

The design of this comprehensive electronic system has required the re-conceptualization of all course
development and delivery processes within the Centre for Commerce and Administrative Studies. Relatively
successful organizational and technological change has permitted the Centre to retain its traditional homestudy
student base, work within largely unchanged institutional structures, and develop new online business programs
for delivery around the world, while requiring minimal net new financial resources. However, the Centre is now
at a crossroads. There are several internal and external factors that will affect the rate and extent of TBDL
development within the Centre over the next five years— expectations for growth, prospects for funding and
other economic factors, internal strengths and weaknesses, and external opportunities and threats.

Like the rest of the University, the Centre has undergone rapid growth in the last five years. Annual
course registrations have increased over 100% in this period. This trend is expected to continue, particularly
within business programs. As well, an e-commerce major is now being developed within the Centre’s online
BComm program. This program commenced in September, 2000. The e-commerce major will require the
development of about 20 new courses over the next three years. Finally, there are real prospects for
collaboration with Canadian and international educational institutions over the next five years. These factors
mean that the number of student registrations will likely continue to grow quite quickly. As a result, additional
faculty and technical staff need to be hired and trained, and existing staff need to be retrained.

Fortunately, approximately $675,000 of ongoing funding has been obtained to finance development of
the e-commerce major. However, it is becoming clearer that these delivery costs will be higher in the online
environment than in the traditional independent study, paper-based courses because online learning increases
instructor-student interactions (Annand 1999). CCAS has requested that the delivery allowance be increased
from $120 per student to $150 for TBDL courses, though it is unclear how the university will fund this.

The Centre’s faculty and staff are generally supportive of new technology applications and online
learning initiatives. Most faculty members who resisted the direction of the Center over the last few years have

106

Page 59



Q

ERIC

Aruitoxt provided by Eic:

moved on to other centers or institutions. Remaining staff have been able to streamline their work duties as a
result of adopting Lotus Notes for a variety of Centre administrative functions, and a core of three technical
staff in the Centre provides users with adequate technical assistance. These factors have increased acceptance of
change and created overall satisfaction with the new operating environment. Also, research in distance and open
education is recognized as a legitimate alternative to discipline-related research for purposes of faculty
evaluations and promotion decisions. As a result, there are incentives for faculty to experiment with new TBDL
features. A strategic plan for the Centre was adopted several years ago. This continues to inform the direction of
the Centre, and provides a point of reference for new initiatives.

There are criticisms of the Centre’s evolution to technology based distance learning, however. Some
faculty members are raising questions about the andragogy informing online courses. The courses have
generally been adapted from the existing paper-based distance learning materials. Although some interactive
features have been added, behaviourist learning theory still underlies most of the online courses. Instruction is
generally broken down into small units, and detailed learning objectives are used. The courses emphasize the
attainment of pre-specified learning outcomes, and the measurement of how well these learning outcomes have
been achieved. Though TBDL could support courses informed by constructivist learning theory - where
knowledge can be co-constructed by drawing on unique personal experiences and knowledge of the
participants, for instance - this has not been the case to date because of limited faculty time and financial
constraints. Because traditional homestudy students must still be served, faculty members are reluctant to
maintain two versions of essentially the same course. As a result of this and financial costs of increased
interaction, collaborative and experiential learning processes, or other forms of online group interaction that can
be facilitated by TBDL are used sparingly. This will likely continue.

There are several threats to the TBDL initiatives undertaken by the Centre. Historically and to spur
innovation, the University executive has supported development of several TBDL platforms like Lotus Notes,
WebCT, and Web Board in different university programs. These platforms are now well-entrenched. The
executive now wants to explore the possibility of merging all university programs onto one delivery platform to
use resources more effectively. A move away from the Lotus Notes groupware underlying the Centre’s learning
system would be disruptive to technology and curriculum development plans. The University in general faces
criticism about its move to online courses. Even though recent data suggest that over 80% of current students
have access to some type of computer equipment, some critics argue that online learning still limits access to
students who are economically underprivileged. This contradicts the general mission of the University, which is
to remove barriers that traditionally restrict access to university education.

Executive-level negotiations of collaborative arrangements with offshore institutions have resulted in
unanticipated demands on CCAS faculty and staff. The decision by the University to join the Global University
Alliance (GUA), a consortium of 10 North American universities offering programs by TBDL, has meant that
students in the Far East will be able to enroll in the BComm program commencing in September, 2001. These
courses need to be converted to Blackboard, the delivery standard for the GUA. Although most of this
conversion process will be carried out by a GUA partner, it is unclear what implications this and similar
collaborations will have on faculty and staff resources within CCAS. These collaboration projects, which
invariably result from the top-down decision making processes within the University, could eventually conflict
with the desire for CCAS faculty to set their own research and teaching directions.

Finally, an increase in the number of online courses and programs offered by traditional and private,
for-profit business schools means that the Centre may face increased competition in the future. This may curtail
or significantly affect present development plans. Competition also increases expectations of students, which
implies the need for higher service standards and shorter course revision cycles, for instance. Over the next five
years, enrollments in the Centre should continue to grow as students throughout the world exercise their
preference for independent study. The increased acceptance of distance education as a viable university-level
learning alternative, and the University’s commitment and ability to fill expressed learning needs of adult
learners should enable the Centre for Commerce and Administrative Studies to flourish during this period. To
do this, though, external and internal threats must be managed, the relative costs of delivering various forms of
distance education must be recognized, and lower cost alternatives need to be chosen.
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Abstract: The institution-wide adoption of web-based learning technologies at the Technical

' University of British Columbia (TechBC) has led to a significant departure from traditional
duties for faculty. This paper reports the study results of a task analysis of course
development and delivery processes for faculty at TechBC. The study identified critical tasks
for academic staff, the tasks most difficult to do, and why these tasks were a problem. Study
participants reported a large proportion of course authoring is done off-campus and outside
the web development environment. Participants also reported excessive time required for
data management tasks associated with team management and assignment grading.

Each course at the Technical University of British Columbia (TechBC) has a substantial online component and is
prepared over a 4-month period. Course development consists of 5 stages: planning, specification, design,
production, and post-production. Development is carried out by academic staff (faculty and learning support
associates) working with instructional designers, media developers, licensing specialists, editors, and technical staff.
Throughout delivery and development, academic staff work within the TechBC Course Management System (CMS),
an integrated suite of web-based tools built in-house to meet the specific requirements of the institution. Authoring is
done in Macromedia® Dreamweaver , an HTML development tool configured to edit centrally stored files over a
local area network. At the time of the study, academic staff needed to be on campus to directly edit course content.

In fall 2000, the Educational Technology and Learning unit of TechBC conducted a study of the work processes of
academic staff as they developed and delivered courses. The goal of the study was to provide better tools, support,
and professional development for academic staff. The study was designed to identify barriers to academic staff
working in TechBC’s CMS environment and recommend design improvements.

Methodology

Eleven academic staff participated in one-on-one interviews conducted at their primary workstations. All participants
were developing and/or delivering courses. As shown in Table 1, the study comprised 3 stages: identification of high-
level tasks, identification of task details, and usability testing of specific problems. The first 2 stages provided a
framework for identifying frequent, critical, and difficult tasks, and for identifying problem areas of the CMS. The
final stage focused on assignment processing, an area identified in the initial stages as highly problematic.

Stage Different Outcome
Participants

1. High-level task analysis 3 e  Basic task model
2. Detailed task analysis 5 e Detailed task model

e Identification of frequent, critical, difficult tasks

o [dentification of problematic areas of the CMS
3. Usability testing 3 o  Usability analysis of online assignment processing

o Identification of problems with assignment support in CMS

Table 1: Data-gathering stages of study
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Results

Task model
An essential outcome of the study was a hierarchical task model that identified tasks of academic staff, and broke
tasks into subtasks and steps. Too large to be presented here, the model is quantitatively summarized in Table 2.

Phases Tasks Subtasks Steps

Development 4 13 70
Delivery 7 19 67
Cleanup & Review 3 undetermined undetermined
Ongoing 4 0 18
Total 18 32 155

Table 2: Number of tasks, subtasks, and steps in the task model

Participants identified over 18 high-level tasks they needed to do to develop, deliver, and maintain courses to their
satisfaction. These 18 tasks were further divided into 32 subtasks and 155 steps.

Difficult tasks
Table 3 shows the subtasks and steps flagged by at least 4 participants as difficult. Number of participants was used

to measure the severity of difficulty.

Phase Task Subtask Step > Sub-step Participants reporting
difficulty (total 11)
Develop { Plan Plan course requirements Research resources 4
Develop Review/revise module outline Research resources 6
module Create web presentations for units | Research resources 6
Create learning objects for units Research resources 6
Create f2f and online learning Research resources 6
activities for units
Produce Populate the CMS for each unit Insert > find 4
module Format 4
Proof 4
Deliver | Postonline | Create posting Create unit listings > 4
assignment duplicate
listings
Assess Mark Read/evaluate 7
learners Collect Collect in CMS 4
Give individual feedback Online > 4
enter comments and marks
Post grades Format and proof grades 4
for gradebook

Table 3: Subtasks or steps flagged as difficult by at least 4 participants

Most participants did a substantial portion of course development from home or other remote locations. They often
transferred work to campus using floppy disks or email, then typed or electronically transferred content into
Dreamweaver or the CMS text fields. These data management tasks were seen as unnecessarily tedious and difficult.

Recommendations
Based on the study results, these high-priority changes were recommended:
o Provide and support secured remote authoring access to the CMS. Ideally academic staff and other authors
should be able to author and edit courses from any location through a browser.
¢ Provide dynamic content management throughout the CMS to reduce or eliminate the manual entry of the
same data in multiple places. For example, when updating the due date for an assignment, the instructor
should only have to enter the change once, even though the assignment date may show up in several places.
s Provide online secured spaces and systems for file sharing, collaboration, and storage and retrieval of course
resources, including learning objects.
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Abstract: Access to information is a basic right of all students, but this entitlement is not always available to
blind or visually impaired students at every Australian university. Our wish to remedy this situation has led to
an exploration of alternate uses of technologies such as the Internet, multimedia CDs and assistive software.
Through personal experience, and the innovative design of two University subjects, this paper highlights the
pressing need for research in this area, and presents possible solutions to this inequitable situation.

There is a paucity of educational research that deals with the problems of sight-impaired students
(Williamson, Shnauder & Bow, 2000). In particular, there is a dearth of essential services available to visually
impaired students in most areas of Australian educational life. In current times, where course materials are
increasingly being placed on the World Wide Web, the technology has the potential to democratise information,
not only for sighted students, but also for a whole range of perceptually challenged students. Smith, Waby,
Neville and Dalloway (1999) support this finding highlighting the importance of technology for helping the
visually impaired.

As educators and researchers, we were inspired to undertake this research, after a profoundly blind
student presented her difficulties to us having enrolled in two of our subjects at the University of Western
Sydney: Interpersonal Interaction and Electronic Research Methods. Both of these subjects make use of the
Web; for example, to display lecture notes, tutorial activities, mock exams questions and real exam questions,
displaying announcements and utilising a discussion board. Although we do not rely solely on the Web to
educate out students, like other educators, we have found it to be a useful addition to our lectures and tutorials.
Moreover, students who find it difficult to attend lectures can access all the information they require on the
websites. Despite the versatility of our subjects, our blind student explicated our subjects’ limitations.

Each subject presented its unique problems for this student. For example, Interpersonal Interaction
required the student to partake in ordinary class work, including reading handouts and the textbooks, and
carrying out library research. In contrast, Electronic Research Methods required the student to be able to read
the instructional material off the Web, as well as to navigate the web, locate references and complete online
exercises. A most unusual event occurred in this subject when this student entered the computer lab with a
guide-dog and proceeded to sit down next to a computer with the largest monitor. Given that she was
profoundly blind, all she could do was to listen to the instructor explain to the students how to access the online
tutorials. She left half-way through the class since she had no way of completing any of the class activities.

As with most other universities, this university has a Special Disabilities service; however, given the
range of material the student needed to access and read, they were unable to adequately meet the student’s
needs. Special Disabilities had alerted us to the existence of this student to which we replied that the subjects
were accessible several months before the student needed to enrol. Whilst translation into Braille of all the
online material was possible, the student wished to participate in real time. This prompted us to seek funding to
carry out our own research into improving education for the visually impaired.

Currently, we are investigating the alternatives to typical classroom activities and online materials. We
at first wanted to develop multimedia authored CD’s and web pages that can support sound and speech. Our
investigations, which are still ongoing include the following:

e  Collaborations with the Australian Royal Blind Society in terms of usability and media design for blind
and visually impaired persons will provide hands-on R&D of multimedia/Internet navigation;

e Rethinking alternatives to traditional Web site design with traditional peripherals such the mouse and
keypad are leading us to other input devices such as touchscreens, 3D mice, and virtual reality devices
such as 3D gloves;

Exploration and testing of the available software which cater for blind and visually impaired people;
Facilitating maximal interactivity for blind and visually impaired students within our own courses.
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Our investigations have revealed that the solution to this problem should be simple and within the
reach of most students equipped with ordinary hardware. Special equipment such as special input/output
devices are expensive and out of the reach of most students. We also understood that written subject matter
could be translated into Braille, but we questioned whether this was entirely necessary.

Screen magnifiers, Braille printers, read-aloud Web connectors, and voice activated wordprocessors all
have the potential to assist sight-impaired students. One of the most elegant solution we found was a program
called JAWS from Henter-Joyce, a company which specializes in technology assistive products. (www.hj.com).

JAWS is a screen reader which can recite aloud almost everything encountered on a Web screen. The
JAWS program ‘sits’ on top of the Microsoft Windows operating system, and uses an adjustable synthetic voice
to give feedback in the form of aural translations of the user’s keyboard commands and text/graphics depicted
on the Internet. Any text, graphics or links are automatically recited at variable speeds and volumes.

Initially we expected that multimedia CD-ROM’s would be an appropriate alternative to the Web. We
had planned an elaborate, professionally authored multimedia CD which comprised our lectures and notes.
However we discovered that multimedia CD’s using software such as Director is a much more problematic
solution, since most screen readers have difficulties translating multimedia formats. Multimedia, it seems, is
designed mainly for sighted people, with visuals playing a large part of the success of the format.

Using the Web for coursework is also problematic, even implementing the JAWS solution, since much
of the online material needs to be located and saved to disk for future reference by blind and sight-impaired
students. Thus our solution was to redesign existing Web sites for real-time use by blind students who decided
to use the Internet, and to additionally place those Web sites, including all the reading materials on to a HTML
encoded CD-ROM. The CD-ROM could also include the screen reading software and would be a perfect
facsimile of the real Website. We could additionally include recorded lectures via digitally stored formats such
as mpeg or mp3.

The redesign process takes into account the W3C guidelines for accessibility, which include:

¢ images without alternate text;

e lack of alternate text for imagemap hot-spots;

e misleading use of structural elements on pages;

e uncaptioned audio or undescribed video;

o lack of alternate information for users who cannot access frames or scripts;
e tables that are difficult to decipher when linearised;

o and sites with poor colour contrast. (see http://www.w3c.org)

Our original websites were almost devoid of graphics, the main offending screen elements. We initiated a
process of rationalisation whereby we placed the most used links at the beginning of the Web page, so that
students would hear this information first, without having to unnecessarily wait. This meant that hypertext links
could be chosen quickly. We also broke up long lists of links into logical units and regrouped these under sub-
menus for easy navigation and retrieval.

Interactivity and participation are further issues of equity/accessibility affecting both disabled and non-
disabled students. As a postscript, we are further exploring the ability of voice recognition software such as
Dragon Dictate coupled with JAWS, to enable students to participate in interactive online seSsions using chat
programs such as ICQ and IRC. If we can generate a system to hold class discussions, without the need for
reading and typing, not only would we help blind and visually impaired students, but also remove those
inequities produced by distance, and by other perceptual/cognitive loss.
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Abstruct: The refinement of measurement of a behaviorof a human testee with Eye Mark
Recorder on who is playing a computergame or typing keyboard is reported. The new strategy
of analyzing the measured huge data isds developed byusing nonlinear feature extraction method.
And further, the dynamical process model of humancognition motion process about typing
operation using keyboard andplaying the computer game called modified Flipper Game is de-
veloped. It gives us the comprehensive understanding of a testee putting on an eye mark

recorder and datagloves by analyzing the measured data .

Introduction

Educational Systems on the computer such as CALITS andILE have a long history. Some remarkable progress
conceming sucheducational systems was made in 1980's. Student model , subjectmatter and instructional strategy
were constructed on the computerexplicitly using knowledge processing technology such as productionsystem to assist
a learner in his study effectively.(E.Wenger,1987) In spite of a great deal of effort put into intelligent educationalsystems
,they don't seem be so effective in the actual educationalsituation. Almost all the educational systems require many
learner's answer tomany questions given by the system, and they can conjecture thelearner's understanding status using
these many answers logically. Consequently , the learner are tired of answering these manyquestions in communicat-

ing with these intelligent educational systems.

In the actual education in a classroom , a teacher receives from astudent notonly an answer of question which
he gives but also informationsabout nonverbal motion and some behavior of the student. The latter twoinformations

are not so logical , but they are important to understandthe student deeply in his learning process.

Educational system which can understand the learner using theseinformationsis necessary to get rid of the
above defect of the present intelligenteducational system. It is desirable to give the educational system thecapability to
detect cognitive data such as eye movement and finger-armmotion of a learner who interacts with educational system.
We introduced eye mark recorders and motion capture system for fingersand arms in our laboratory , and incorporates
them with educationalsystem on the computer.(M.Ueno etal 1996),(T Nisiki etal 1997),(T.Nisiki etal 1998)
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Figure 1: The ﬁsed Eye

The used Eye Markrecorders and measurement of eye movement

The two used Eye Mark Recorders (hereafter we use EMRfor them.) ,NAC EMR-600 and TAKEI T.K.K 2901
are shown in Figure.l.

The eye mark of a testee has been analyzed by a human researcher usingVTR tape usually . The eye movement
of a testee in the time range longer than 1/30second can be detected and analyzed in this approach ,but the movementof
eye mark in the short time range from 1/30 Sec. to 1 mSec. cannotbe detected by using VTR tape.

So, it is necessary to develop a new measuring system to detect eyemark data in this short time range. A new
hardware memory board called CINDY and the software calibration system for EMR which can detect both 600 eye
mark data perSec. and another data concerning human behavior at the same time aredeveloped to analyze a human
visual cognition and motion.

Using the real time data obtained from this calibration system , thecomputer can respond to human eye move-

ment and vary objects which arescen by a testee on the CRT very quickly.
As a result , some communication environment on the computer which canrespond quickly to eye movement of
atestee has been developed in ourresearch. The following two preliminary measurements to have a clear grasp ofthe

general features of the eye movement of a learner who traces movingobject is prepared.

1) Tracing a moving point on the CRT(Figure.2) 2) Tracing of vibrating point on the CRT(Figure.3)

— Eyemark

e moving point

Figure 2: Eye mark for moving point

e Eye mark

e yibrating point

Figure 3: Eyc mark for vibrating point
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A point moves from the left to the right on the CRT with constantvelocity in measurement 1). A testee is under

order to trace thiscircle on the screen.

A point vibrates on the Sin curve on the screen in measurement 2) andthis pointcross the screen about 5 Sec.

Also in this case , a testee is underorder to trace this moving point on the screen.
Three different sin curves which have different amplitude are used inour measurement 2).

The gross structure of human eye movement in tracing moving object is grasped from these twodifferent

measurements.

The used EMR can trace small variation of human eye movement up tosize 0.7 degree when a testee gazes
stopping object. But , testee'seye mark moves in large scale when a testee traces the moving object inmeasurement 1)
and 2). It is difficult to identify the absoluteposition of learner's eye mark in this case . In other words , relative
variation of eye movement can be detectedeasily , butit is not so easy to detect absolute position of human eye point.
So, some correlation mechanism to infer the absolute position oftestee's eye mark from the information about the seen

object isnecessary. It is discussed in chap.5 in detail.

Computer game using realtime eye mark data

In almost all the researches about human eye movement, measured data are used for analyzing human behavior
only after themeasurements end.But , we want to construct the environment in which the seen object onthe CRT varies
according to the real time eye mark of a testee torealize dynamical interaction between a testee and an educationalsystem
on the computer by using eye movement.If this environment is developed successfully on the computer, we canhave
the chance to analyze behavior of a testee thrown into dynamicalcommunication process with a system using eye
movement.It is essential to use real time eye mark data to realize thiscommunication environment on the computer. As
CINDY board developed by us made it possible to detect several dataconcerning human visual cognition and motion in
high speed simultaneously , we can use it for analyzing this real time communication processbetween a testee and the
system. We have developed a computer game called modified Flipper game in whichour testee can play using eye
movement. The details of this game areshown in ref. 4 and 5. There is a computer game called Flipper (Figure.4). A
player of this gamemoves a mouse to select the squares divided on the screen, and then hecan vary the color of a

selected square by clicking a mouse. Six colorsare used in this game.

The color of selected square changes in the cyclic sequence, when theplayer click the mouse. For example
,purple , red ,green , blue and so on.When the colors ofall the squares coincident , then the game is cleared. On the
otherhand , the color of each square varies randomly at regular timeintervals on the CRT. So , the player of this game

Figure 4: The Flipper Game

114

Page 67



Q

ERIC

Aruitoxt provided by Eic:

must vary the colorof squares as fast as possible. The player can confirm which square is selected by seeing a

mousepointer on the CRT controlled by himself in this original Flippergame.

We modified the original Flipper game into the game where a player canselect and change the color of the
selected square using eye movement. In this modified Flipper game , a player need not click the mouse tochange the
color of the square but he has only to gaze at the squarein a short time interval. If the eye mark of a player stays in
asquare for 0.6 Sec. , the system automatically changes the color ofthis square in the cyclic order defined beforehand.
The length of thistime interval can be changed easily. Several types of modified Flipper games are developed by us.
Thesegames have different division number of sub squares from 2 by 2 to 6by 6, different number of color assigned
to sub square from 2 to 6,and different length of time interval from 0.3 Sec. to 0.6 Sec. The general feature of human
dynamical eye movement of a playerconfined in this complicated context of computer game can be measuredand
investigated. This measurement is designed to obtain the standardtouchstone for more complicated dynamical human
eye movement in playingcomputer game and in operating input devises. The detailed analysis ofthese new data will be
shown somewhere.To explain these results in detail , we have to construct the modelwhich canexplain the cognition-

motion process in human brain. This will be discussed in chap.6 in detail.

Measurement of human bodymotion and eye movement

It is important to see human body motion such as finger, hand motion to understand the skill level of a testee
typing textusing key board.More dynamical information about a testee is obtained by measuring both eye movement
and finger motion. The correlation between eye movementand finger motion and the time delay of motion from visual
cognitionbring us several cognitive features and parameters which our testeehas. We have measured typing process of

our testee who puts on data gloves ,3D motion censor and eye mark recorder. (A.Tsubokura etal 1998)

In this case , 6600 data are obtained from EMR and 6160 data areobtained fromdata gloves per second. The
mutual correlation of these data is used to identify types of taskswhich are generated automatically in his manipulation.
It gives us thegeneral feature of our testee such as novice or expert, and we can getsome cognitive parameters such as

size of memory buffer of our testeefrom these measurement.

Figure 5: Measurement of Human Body Motion and eye movement
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It is relatively hard to construct the experimental environment forthis hard dutyhuman measurement. We have
succeeded in constructing this environmentandDBMS for human measurement data.Some of our results are shown in
ref.5. We are interested in the process of acquiring skill of a learner inhis typing. To explain these combined results
concerning visual cognition and bodymotion in detail , we must improve the model which can explain the cognition-

motion process in human brain. This will be discussed inchap.6 in detail.

Strategy of data analysis

Eleven data are sent to the analyzing computer from EMRin each detection of an eye mark. The used EMR can
detect eye mark 600times per Sec. , so the analyzing computer receives 6600 data persecond from EMR. On the other
hand, the used data groves can detect 14 bending anglesfor fingers230 times per second, so 6440 data are sent from data
grove persecond. Nonlinear data analyzing system for these complicated data isdeveloped using knowledge informa-
tion technology. It can extractfeatures of both eye movement and finger motion automatically from theobserved data
by using prepared templates and some rules about matchingstrategy. These features are saved in the system as a feature

extractedlist,

Many templates are prepared in every sheet of this multi-step featureextraction , the higher features are ex-
tracted from the low-levelfeature extracted list .But there is a serious problem in extracting the higher feature from
intermediate structures. For example, to identify data with higher feature the system mustuse not only other data
which occurred in the past but also otherdata which will occur in the future shown in Figure. 5. As is well
known ,human cognition-action behavior depends stronglyupon context of cognition-action history and cognitive
situation inwhich a testee is confined , andso it is inevitanable to use this types of matching strategy. So, we cannot
avoid designing this type of process dependentnonlinear analysis of visual cognition action behavior of a learner. This
type of data analysis is very complicated and time-consuming onthe computer. There are two ways to overcome this
difficulty.One is to use a parallel computer to analyze feature extracted listsfor lower levels.The other is to use a model

for human behavior to cutoff links among intermediate candidates for visual cognition actionmotion behavior.

Dynamical model for human Cognition-Motion process

The construction of the system to measure eyemovement and finger arm motion of a learner interacting with a
computerare reported in the above. These communication processes are verycomplicated and depend on the knowledge
which he possess about theobject he sees and the situation a learner is confined to. As thebehavior of eye mark
depends on the situation and context strongly,ordinary data analysis is not so effective. The strategy to analyzethese
data is designed with the help of both nonlinear data analysisincluding chaotic data analysis and agent-like schema
formalization ofhuman processes. Some models for human cognition-motion mechanism are necessary toextract

feature of the correlation of eye movement with finger armmotion from these data.
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Figure 6: Strategy of nonlinear data Analysis
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As is well known , there are several hierarchies of informationprocessing in the human brain concerning visual
recognition. The schematheory may be promising as a model of hierarchical visualcognition-motion system. 6) So,
we have developed the rule-based modeling ofvisual recognition . This model is quite general, so it may have thecapability
to explain different cognition processes reported in thispaper because many local rule corresponding various
experimentalsituation can be assembled. Parallel production system called SYMPASI(SYMbolic PArailelSImulator)7)
is developed by us to explain the behavior of our testeeplaying Modified FlipperGame. It is possible to set retardation
time for each rule to fire inSYMPASI. So , recognition simulation is generated as a resuit ofsuccessive adaptation of
rules. We can tune the system against thespecialized by assembling and modifying various production ruies inSYMPASI.
Many phenomenological facts conceming visual recognition reported inthis paper can be assembied in SYMPASI ,
then overall cognition-motionphenomena for a testee is generated by the successive adaptation ofrules in working
memory of parallel production system, The structure ofthe rule-based simulator SYMPASI is shown in ref. 7.A part of
rules of SIMPASI tuned for modified Flipper game which is reported in chap.3 indetail are shown in ref.7.

We regards modified Flipper Game as the first milestone for allcognition motion process. The parameters
obtained from the analysis ofModified Flipper Game canbe used other cognition motion processes such as text input

processusing keyboard.
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Abstract This paper looks at the low participation rates in computer mediated conferences
(CMC) and argues that one of the causes of this may be an incompatibility between students’
learning styles and the style adopted by CMC. The main learning style theories are viewed
through the use of Curry’s Onion Model. Tt is argued that Riding’s Cognitive Styles Analysis
is the most powerful theory with which to examine educational CMC. A framework for
conducting an empirical investigation using this theory is outlined.

1 Introduction

Computer mediated communication (CMC) is becoming a popular tool in tertiary education establishments for
both distance and campus-based students. Whilst it offers many advantages, especially to distance students,
there are concerns about the low levels of active participation in conferences (Little & Light 1999). Indeed,
Mason (1994) proposes the ‘thirds theory’, which suggests that students fall into three distinct groups: those who
actively participate, those who read messages but do not participate and those who take no part. More recently,
the experience of many tutors, including the authors, is that participation levels are often much lower even than
Mason’s estimates (Hewitt and Teplovs 1999).

Reasons for the low participation may relate to the subject matter and the approach of the individual or their
learning style. For example, Romiszowski & Ravitz (1997) question whether CMC, which is primarily text-
based, is equally suited for various subject matters, whilst Kaye (1989) notes that the pedagogic value of
computer-based collaboration depends on “the educational perspective adopted, the nature of the specific
discipline and the characteristics of the learners”. 1t is the last of these factors with which the research reported
in this paper is concerned.

Each individual responds differently to a learning situation. This response will be influenced by the way the
individual thinks, their past experience, the demands of the environment and the current task. This approach is
generally recognised as the individual’s learning style. A successful learner will be able to adapt his or her
approach to meet the needs of any task, but not all learners will have developed this skill. The ability to adapt
approaches to learning has led some authors to use the term “learning strategy” rather than “learning style”.

CMC is essentially a medium of written discourse. Individuals with an incompatible learning style, who are
unable to adapt, may find that CMC perpetuates the inequity of an education system that discriminates against
students who talk and listen better than they read and write, disadvantaging the less-verbal students. (Light &
Light 1999, Rimmershaw 1999, Mason 1994)

Visual versus Verbal style preferences are one of many leaming style theories discussed in the literature. During
the last century there have been many investigations into style; these have often been conducted in isolation and
have given rise to a large number of different style labels. Curry (1983) proposed the ‘Onion’ model to group
the main types of styles, which she suggested could be grouped into three levels resembling the layers of an
onion:
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“By this organisation learning behaviour is fundamentally controlled by the central personality
dimension, translated through the middle strata information processing dimensions and, given a
final twist by interaction with environmental factors encountered in the outer strata.”

2 Main Learning Style Theories Viewed Through Curry’s Onion Model

Curry’s Onion Model provides a well established framework within which to view the main learning style
theories (Riding & Rayner 1998). Here we use the model to review these theories and hence to determine the
most powerful theory with which to examine educational CMC.

Using CMC requires students to work in a predominantly text-based, somewhat hierarchical environment, which
may present them with little or no information, or alternatively proffer vast amounts of information, according to
the responses of other users. Although responses are written, the atmosphere is usually fairly informal and often
relatively unstructured compared to a classroom. If the conference is asynchronous there may be a long wait for
a response. On the other hand, if the discussion is synchronous, everyone may try to ‘talk’ at the same time
leading to confusion. This is the context, then, in which we need to consider the suitability of the various
learning style theories.

2.1 Outer Layer — Instructional Preference

The outer layer of Curry’s model examines instructional preference. This layer is considered to be most
observable, least stable and most easily influenced. Influences include learning environments, learner
expectations, teacher expectations and other external features (Curry 1983).

The main theory of instructional preference is proposed by Dunn & Dunn (1978), who believe that learning style
reflects the manner in which elements of five basic stimuli affect an individual’s ability to perceive, interact with
and respond to the learning environment. These are:

Environmental: noise level, light, temperature and class design

Emotional: motivation, persistence, responsibility and structure

Sociological: learning groups, presence of authority figures, learning in varied ways
Physiological: perceptual, intake, time and mobility

Psychological: global v analytic, impulsive v reflective, hemispheric domination

Dunn & Dunn’s theory, then, is concerned with stimuli that affect learning. However, although this may provide
useful information to individual students in online education some of the stimuli cannot be controlled. Indeed, it
has been proposed that the whole concept of a single common learning environment needs to be re-examined in
a CMC context, as each individual may be working in a different environment. (Benigno & Trentin 2000) Some
of the stimuli will still be relevant, but it is felt that as this level can be easily influenced, advice from the tutor
and peers could overcome problems encountered in this area. It is not therefore seen as a fundamentally
important theory from the perspective of improving educational CMC.

2.2 Middle Layer — Information Processing Style

The middle layer of Curry’s model concerns an individual’s intellectual approach to assimilating information
(Curry 1983) and encompasses many of the learning style theories currently popular. This layer is considered to
be more stable than the outer layer because it does not directly interact with the environment, although it is
modifiable by learning strategies. Five main theories fall into this layer.

Kolb (1984) offers an experiential learning cycle, based on the leaming models of Lewin, Dewey and Piaget.
There are claimed to be four modes of experiential learning based on the cycle, which are presented on a two-
axis grid. The horizontal axis runs between active experimentation and reflective observation whilst the vertical
axis runs between abstract conceptualisation and concrete experience. The four quadrants are used to identify
different types of learners: converger, accommodator, diverger and assimilator. Kolb’s model has been used
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regularly since it was introduced and has led to the development of further models such as Honey & Mumford’s
LSQ and McCarthy’s 4MAT system (discussed below).

The Honey & Mumford model (Honey & Mumford 1992) was developed from Kolb for use in commerce. It is
intended to explore the implications of learning style for management and is often used in training situations and
to strengthen teamwork. Like Kolb, it is based on a leaming cycle and offers four learning styles: activist,
theorist, pragmatist and reflector.

McCarthy’s 4MAT system (McCarthy 1997) is also based around a four stage learning cycle and offers four
learning styles: innovative, analytic, common sense and dynamic. Unlike the other theorists, McCarthy does not
provide an assessment tool, instead advocating that every lesson should provide students of all styles with a
preferred task for both left and right brain.

Gregorc (1982) proposes that people differ in the way they organise space and time. Individuals are seen as
having two significant types of mediation abilities: perception (the way in which information is grasped) and
ordering (the way in which the information is arranged, systemised and deposited). Perception has two qualities:
abstractness and concreteness. Ordering has two dimensions: sequential and random. As with Kolb, these
dimensions combine to provide four learning styles: concrete sequential, concrete random, abstract sequential
and abstract random.

Gardener (1993) suggests that each individual has seven distinct areas of intelligence: linguistic, logical-
mathematical, musical, bodily kinesthetic, spatial, interpersonal and intrapersonal. Gardener believes that an
individual’s abilities will differ in each area as will their learning style.

With the exception of the 4MAT system, all learning style theories at the middle layer of Curry’s model provide
some form of inventory that could be used to study educational CMC. The dialectically opposed modes offered
by Kolb (1984), Honey & Mumford (1992) and Gregorc (1982) could all provide interesting insights into
contrasting approaches to conferencing. However, we argue that the differences revealed by these modes may
be apparent only in extreme cases, and will be difficult to discern in individuals with a more rounded leaming
style (Atkins 2000). Similarly, although Gardener’s multiple intelligences theory (Gardener 1993) may help to
provide an insight into the effect of subject matter on the response to computer conferencing, it is not seen as
addressing learning style in a way that would aid our current research (Atkins 2000).

In sum, while all the theories in this layer could provide an insight into approaches to CMC, all fail to examine
the verbal-visual modality, which is felt to be an important aspect of learning style when looking at a medium
that is predominantly text based.

2.3 Inner Layer — Cognitive Personality Style

The inner layer of Curry’s model examines cognitive personality style, addressing an individual’s approach to
adapting and assimilating information. (Curry 1983). This layer is considered to be an underlying and relatively
permanent personality dimension. Five main theories fall into this category.

The Felder and Silverman Learning Style Model (Felder 2000) overlaps the middle and inner layers, classifying
students on five spectrums: sensing/intuitive, visual/verbal, inductive/deductive, active/reflective, and
sequential/global. Although students are classified on five spectrums, the assessment tool only provides a profile
over four, omitting inductive/deductive. It is not clear why this is the case. Further, although it may eventually
be able to provide a good profile of learners, Felder & Silverman’s model is still under development and has no
empirical evidence to support it.

Witkin (Witkin & Goodenough 1982) offers the theory of field-dependence and field-independence, based on an
individual’s ability to extract details from a context. The Rod and Frame Test and the Embedded Figures Test
are used to provide a means of assessment for this theory. This approach is currently being used to investigate
learning via hypermedia systems (Kim 2000). However, doubts have been expressed about the validity of both
the style and the embedded field test. (Riding & Rayner 1998, Sternberg 1997). In particular, the approach has
been criticised by Sternberg (1997) on the grounds that the tests have correct and incorrect answers, and that
field-independence is seen as preferable to field-dependence, suggesting that the approach is related more to
ability than style.
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The Myers-Briggs Type Indicator (MBTI) (Association for Psychological Type 2000) is based on Karl Jung’s
theory of psychological types. Preferences in the four dimensions of: extraversion/ introversion, sensing/
intuition, thinking/feeling, and judging/perceiving, are used to characterise people according to sixteen types.
Work is already being in progress using the MBTI to relate personality type to performance in CMC (Ahn &
Ahn 2000). Kiersey develops two questionnaires, the Kiersey Temperament Sorter and the Kiersey Character
Sorter, aimed at assessing temperament using different methods. (Kiersey 2000) These are broadly similar
(approximately .75 correlation) to the Myers-Briggs Type Indicator. As in the MBTI Kiersey uses four
temperaments and sixteen variants. However, both the Myers-Briggs Type Indicator and the Kiersey instruments
examine personality types rather than learning styles. Although these theories are sometimes linked to particular
learning styles, their primary use in not in that area.

Finally, Riding & Rayner (1998) offer the Cognitive Styles Analysis (CSA), developed as a result of their
research on style differences in learning and behaviour. Over 30 style labels were reviewed, including some of
the theories reviewed above. Riding and Rayner believe that style is divided into two dimensions: wholist-
analytic (the way in which an individual would organise information - in parts or as a whole) and verbal-imagery
(the way in which an individual would represent knowledge - in mental pictures or words). This verbal-imagery
dimension which would appear to be highly relevant to CMC, given the latter’s predominantly text-based nature.
Further, the model has been developed for electronic use, has been in use for a number of years and has
considerable empirical evidence.

In sum, two models, namely those of Felder & Silverman and Riding & Rayner, offer an investigation of an
individual’s preferences on the verbal-visual dimension that appears the most likely to affect CMC. Felder &
Silverman examine four dimensions, which would give a broader picture than the two dimensions examined by
Riding & Rayner. However, given the lack of empirical evidence to support Felder & Silverman’s model, we
argue that the CSA is currently the best model to use to examine the effects of learning style in a CMC
environment.

3 A Framework for Empirical Investigation of Learning Style and CMC.

Our argument is, then, that the CSA should be used to empirically investigate the influence of learning styles on
the effective use of educational computer conferencing. Much of the current use of, and interest in, CMC
involves higher education, not least because of the growing economic pressures in that sector (Skillcorn 1996).
Consequently, we propose an investigation of undergraduate study as a useful starting point for such an
empirical study, using the following framework.

We begin by giving the target groups basic instruction in the use of text-based computer conferencing.
Next we ask them to complete the Cognitive Styles Analysis which will determine their preferred learning
style according to the CSA model and an attitudinal survey regarding their prior experience and attitudes to
group work and CMC. Half of the sample is then asked to work on a time-constrained collaborative
exercise using computer conferencing and given a similar exercise to work on in a face-to-face context at a
later date. The other half of the sample participates in the exercises in reverse order i.e. face-to-face followed
by CMC. This is an attempt to counteract the learning effect inherent in conducting two similar exercises.

Data is collected in a number of ways. An attitudinal survey at the end of each session obtains the students’
reactions to the exercises. The face-to-face sessions are taped. Records of the CMC sessions are obtained
from the computer. Statistical and qualitative analysis can then be used to evaluate the contribution of
individual students in each situation, and results viewed in conjunction with the attitudinal surveys and
learning style profiles. .

We are currently putting this framework into practice with computing undergraduates. A later study will carry out
a similar exercise with a comparable group of students from a different discipline, to investigate the possible

effects of domain of study. A subsequent cross-sectional study will be undertaken to examine the possibility that
maturation may alter the results. We also propose to conduct similar investigations with distance learning students.
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4 Summary

It has been noted that often less than one third of students actively take part in a computer conference, and we
have argued that this disappointingly low level of activity may be due, in part, to a mismatch between the
presentation of CMC and the individual’s learning style. Using Curry’s Onion Model the main learning style
theories have been reviewed and discussed. Whilst all of these may have some relevance to CMC, we have
argued that Riding & Rayner’s Cognitive Styles Analysis (CSA) is the theory that best addresses the issues that
are fundamental to the successful use of computer conferencing. Finally, we have specified an approach to the
empirical study of learning style theory for CMC.

We believe that the research outlined in this paper will lead to improvements in text-based computer
conferencing and more active participation by a much higher percentage of conference members. This in turn
should lead to important gains in the acceptability and usefulness of Computer Mediated Conferencing.
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A multimedia gate to Museum of Astronomy

Anna Lina Auricchio, Astronomical Observatory of Capodimonte, Italy; Enrica Stendardo, Il Univ. of
Naples - Faculty of Letters, Italy

The Astronomical Observatory of Capodimonte is strongly working in the design and realization of
‘multimedia and hypermedia educational products, in order to spreading the Astronomical Culture over a
wider public. At present, there is a popular interest not only towards the astronomical research, but even for
the historical events and their protagonists referring to Astronomy. Why the Bourbon, in XVII Century,
would an Astronomical Observatory in the chief town of their kingdom? Who were the protagonists, artists
- architects - astronomer, of the magnificent projects? What is their inheritance, in the light of the present
-scientific activity? To satisfy these questions, it is in progress the realization of a CD-ROM about the
history of the Observatory and of Astronomy through the Museum of Astronomy, that is the testimony of a
long history of astronomical research, presenting a unique collections of scientific and astronomic
instruments of the 19th and first decades of the 20th century.

The CD-ROM features a highly interactive user friendly program. The structure is based upon fast and
simple links among the various sections. The scientific contents are adapted to a language (word-image-
sound) of strong communicative impact, without any spectacular effect that are dominant in many
multimedia products. The educational aim is marked.

It is in progress the test phase of the software tools and of the authoring program that will be used for the
CD-ROM realization.
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Need for Intelligent Web Server with Powerful Authoring Functions:
No More Stress on Web Authors

Junichi Azuma
University of Marketing and Distribution Sciences
Gakuen-nishi-machi 3-1, Nishi-ku, Kobe 651-2188, Japan
junichi.azuma@nifty.ne.jp

Abstract: If we consider the rapid development of the Web technology, it will not always be
possible for Web authors to keep up with the dramatic change of the authoring environment.
In addition, there are several serious internal problems of WWW itself that make the Web
authoring task laborious, e.g., the hyperlink management problem. As the number of Web
servers will still continue to increase, and as more and more educators will join in the Web
authoring activities, the demand for an intelligent Web server like Hyperwave will surely
increase greatly in the near future.

Introduction

In the mid-1990s, when WWW first came into being, people were glad and excited because they
thought that there would be only one common platform for hypertext authoring. Before that time, there existed
a number of authoring tools that were mostly "machine-dependent." Thus, the widespread dissemination of
high-quality multimedia materials developed with a specific authoring program was quite difficult. The
emergence of WWW at first meant the separation of content authoring and navigation programming, since in
HTML, hyperlinks are easily implemented just by writing simple tags. Today, the situation is not so simple.
Needless to say, HTTP is the base system that enables communication in hypertext format on the Internet, and
in this sense it is just the physical "rail" of the railway system. However, as we can see in some parts of
Switzerland or Japan, several railway companies are now sharing the same "rail!" There exist several versions
of HTML now, and several different types of programming languages have been developed for Web browsers.
Streaming is no longer the monopoly of RealAudio and RealVideo, and the emergence of MP3 has had a great
impact on the distribution of multimedia content over the Internet. Such developments may be indeed necessary
for industrial evolution, but in order to maintain the presence of a Website in the total world of WWW, we have
to create a really cool and sophisticated homepage. This inevitably gives a tremendous stress to Web authors.
In addition, most of the Web authors creating educational Websites at educational institutions are not experts in
information processing, so it is quite difficult for them to keep up with the current rapid development of Web
authoring environments.

Further Problems

When we get accustomed to publishing documents on a Web server, we will soon encounter the
difficulty of managing a rapidly increasing number of documents and multimedia objects on the server.
Generally speaking, the energy required for the maintenance of a Website increases dramatically in proportion
to the number of the Web pages and other objects, and will vary exponentially according to the total number of
these objects. If we have too many pages and objects on a Web server, it will become very difficult to modify
the contents of the Web pages or the directory structure, since these manipulations will inevitably force us to
rewrite all link information involved. This is a very difficult task, and the perfect management of the link
structure will be nearly impossible. As a result, large Websites will be never free from missing or broken
hyperlinks.

In creating a new Website, we normally try to make an effort to create the best possible site in the
beginning. We tend to spend a lot of time and lot of energy to create the "first version” of the new Website.
However, as experience often shows, laziness will suddenly overcome us, and we often tend to be quite
reluctant to continue the updating jobs to keep the site fully ready and fresh. Some researchers argue that there
is a common psychological tendency among Web authors in regard to this problem. However, this author
believes that this problem has something to do with the evolution of the HTTP platform itself. Today we are
accustomed to the cool design of well-known Websites, and when we visit such cool Websites, we often notice
that navigation switches are created in a very sophisticated way. Some employ a bold and novel graphic image
and some employ Java, so that a Web page including such navigation switches requires nearly a minute for all
the contents included in the page to be downloaded. This produces unbearable frustration for dial-up Internet
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users. The role of a navigation switch is "only" to lead the user to a certain URL and nothing more. The
emergence of WWW seemed to have provided us with freedom from the complicated programming-like task
involved in hyperlink implementation, and seemed to have let us concentrate on content when creating hypertext
materials. In the course of the evolutionary development of WWW, however, Web authors have begun to
totally confuse the navigation tools with content these days.

As we have seen, these problems arose in the course of the recent development of WWW, and the
evolution of the total WWW system will go on regardless of the original philosophy of HTTP and WWW.
Although Web authoring software will also undergo a dramatic development in the future, earnest teachers who
are going to learn the authoring method of Web-based educational materials will inevitably encounter these
internal problems of WWW.

Solution to Web Authoring Problems

The author has already argued that as the number of the Web pages stored on the Web server increases,
the energy required for link management increases dramatically. It was also pointed out that a large Website
would be never free from missing or broken links. One of the solutions to this problem, together with the
above-mentioned authoring problems, is to use Hyperwave Information Server (HWIS), originally developed as
Hyper-G, at the Institute for Information Processing and Computer Supported New Media (ICM), Graz
University of Technology, Austria. HWIS is a next-generation Internet/Intranet server with powerful authoring
functions and full-text search capability. The browsing and editing of the documents on HWIS requires no
special client software, and Web authors can do almost all of the editing work and publication of objects just by
using existing Web browsers. This is quite different from the system of Lotus Notes, where a special Notes
client is necessary even just to browse simple documents. In addition, academic use of HWIS is basically free
of charge.

On entering documents onto a certain directory of HWIS, hyperlinks with the name of each document
will be automatically generated. When we access the same directory after publication, the document titles will
automatically appear in the form of hyperlinks, and by clicking a desired title, we can easily open the necessary
document. Basic navigation switches together with other switches used for editing works, authentication,
preference settings, etc., are offered in the standard header automatically generated by HWIS. This will free us
from the complicated task of link management and enable us to concentrate on the authoring of pure content
material for of hypertext documents. Needless to say, it is also possible to embed hyperlinks in the contents
themselves. The information about each hyperlink is stored separately from the object itself, as part of its
"meta-information,” in a special form by which the target of a link "knows" which documents or objects point to
it on HWIS. Thus, the internal link structure is always kept intact even if some objects are moved to a different
directory, or the directory structure is dramatically modified. In this sense, links are "bi-directional” within
HWIS. When an object is totally removed from the server, the relevant hyperlinks pointing to it will
automatically disappear, and if a link is embedded in the contents of a Web page, it changes into a normal
phrase in black letters, and the default blue color and the underline indicating the existence of a link
automatically vanish away.

HWIS is also equipped with powerful access rights control. Access rights of every object published on
HWIS can be easily controlled just by using ordinary Web browsers. The easy control of access rights is also
useful when we establish a BBS, which is internally offered in HWIS under the name of "Discussion Forum,"
because very often we wc{uld like only a limited pool of people to be able to post messages so that "uninvited
guests" will not be able to post inappropriate messages. Of course, we can easily establish a BBS if we use one
of the Web authoring software products such as Microsoft Front Page, but the control of detailed access rights is
quite difficult if we use a WindowsNT/2000 based system.

Conclusion

If we consider the rapid change of the Web authoring environment, there seems to be only two choices
for Web authors and publishers. One choice is to manage to keep up with the rapid change of the authoring
environment, always learing new techniques of Web authoring and the related technology. The other choice is
to rely on a Web server with powerful editing functions like HWIS, and concentrate on the contents of the
documents. Considering the rapid development of the whole Internet infrastructure, it will not always be
possible to continue to train educators in the most recent media-literacy skills. As the number of Web servers
will continue to increase, and as more and more educators will join in Web authoring activities, the demand for
an intelligent Web server like HWIS will surely increase greatly in the near future.
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Genesis of a CD-based Authorware application: Lessons learned from
six years of design and development

Patricia Ryaby Backer, San Jose State Univ., USA

The current paper describes the design, development, and evaluation of self-paced multimedia modules that
are used in an advanced General Education course at San Jose State University. The design and
development cycle of these modules began in 1994 and encompassed four major revisions. The General
Education course, Technology and Civilization (TECH 198), is designed to introduce students to the realm
of history and usage of technology in society and to increase their awareness of both the uncertainties as
well as the promises of the utilization of technology as a creative human enterprise. The most recent
version of the software (version 4.2) is used in lieu of classroom instruction. This presentation will display
the evolution and evaluation of these multimedia modules over time. A focus will be on the lessons learned
from the years of multimedia development.
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Educational Applications of Conversational Agents

Jeremy Baer Chenoah Morgan
Department of Computer Science and Engineering Counting Stick Software
University of Washington Edmonds, WA 98026
Box 352350, Seattle, WA 98195-2350 penguins@speakeasy.org

jbaer@cs.washington.edu

Abstract: Conversational agents have historically been used for entertainment purposes. In
this paper, we discuss new work that extends the capabilities of conversational agent

Conversational agents, often referred to as “chatterbots”, have a long history dating back to the “Eliza”
program written by Joseph Weizenbaum in the 1960’s. Eliza attempts to simulate a Rogerian
a simple transformation algorithm to change user
input into a follow up question (Weizenbaum 1966). Since that time, many chatterbots have been written
and the basic techniques improved upon to include knowledge bases and logical inference mechanisms.
is paper discusses the application of certain techniques from the domains of intelligent tutoring systems
and pedagogical agents to chatterbots for the purpose of providing a natural language conversational
partner to support on line educational experiences.

Chatterbots do not perform general natural language understanding as of yet, which is a difficult open
user’s natural language input. When a pattern or key word is recognized, the chatterbot crafts an

and has not found a match in the user’s input, it “punts” and outputs a response not based on the user’s

phrases such as “please go on...” More sophisticated chatterbots, including those we are developing,

perform a certain amount of user modeling

the conversation (likes and dislikes, etc.). These chatterbots bring this information back up in the form of a

question when they encounter a problem recognizing input and are forced to pu

continuity to conversations, these chatterbots do not typically provide significant intelligent direction to the

conversation, relying instead on the user for direction. While this behavior is adequate for entertainment
it is often incompatible with educational objectives, and is a main area that we improve in our

educational chatterbot. In addition to conversational direction and focusing mechanisms, we can adapt

intelligent tutoring systems to provide more

individualized interaction.
To achieve a directed conversation, we must give the chatterbot an idea of a precise conversational
ct in the conversation. The
student dialog can include tangents initiated by the user. However, the chatterbot remembers where it is in
conversation to meet its educational goals. This type of conversation lends itself to Socratic dialog in
understand the reasoning given, then it can offer a possible line of reasoning (either correct or faulty) and
provide a reason, or it can choose to back up to prerequisite material in this case. If the student does
test that theory with. Students’ subsequent answers can be checked for consistency with their current
theory. If an answer is not ¢

student for a new theory. The most difficult part of creating this type of behavior is the design of the
conversational transition network for the chatterbot so that it knows

large knowledge base. This knowledge base can be specific to the instructional domain it is designed to
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work with (mathematics, for example), or it may also include general knowledge (birds lay eggs, have
feathers, can fly, are a type of animal, are thought by some to be the evolutionary descendents of dinosaurs,
etc.) Knowledge can be organized according to a variety of conceptual hierarchies. Students may query
the agent for information from this knowledge base, such as “Tell me about Pascal’s Triangle”, or “Is an
integer a type of real number?” In addition, the agent may contain self-referential knowledge used to
establish aspects of its personality. '

In order for an educational chatterbot to tailor its conversation to best suit the knowledge of a particular
student, we can employ student modeling techniques which attempt to give the agent an idea of what
concepts the student either knows or has misconceptions about. The student modeling technique we
employ is based on educational research described by Jim Minstreli and others, and is founded on an idea
called a facet (Minstrell 1992). A facet represents a particular conception or misconception of a certain
idea, which a student may or may not hold. For each important idea in a curriculum, there exists a cluster
of facets, each facet representing a different level of student expertise. A chatterbot can be programmed so
that certain things that the student says in the course of a conversation (particularly a directed conversation)
can be interpreted as evidence that the student holds a particular concept or “facet”. When deciding how to
respond to student input, the chatterbot may be designed to take into account relevant facets that it has
inferred the student holds and alter its behavior accordingly. This student modeling technique has some
similarities to the classic “overlay” techniques used by some intelligent tutoring systems (Carbonell 1970),
but does not suffer from the lack of misconception information found in such models. It is currently being
used in pedagogical agent development work being performed at the University of Washington (Baer &
Tanimoto 2000). Chatterbots are not a replacement for teachers, but compliment teachers’ educational
objectives. Using student modeling techniques, they can also do limited assessment of student knowledge
and can provide assessment evidence and suggestions as an educational resource to the teacher.

Taken together, the techniques described in this paper offer a great deal of opportunity for chatterbots to be
applied in educational settings, where their ability to interact using a natural language interface may be of
value to students, particularly those who may feel put off or intimidated by other types of human-computer
interactions. Even in an educational setting, a conversation with a chatterbot can be entertaining —
sometimes they say rather amusing things — and this may contribute to the motivation of students to
continue interacting with the system and learning. These agents can be implemented as either stand-alone
conversational agents or as conversational pedagogical agents within the context of an interactive learning
environment. As stand-alone agents, they can provide an entertaining method of delivering educational
content in an interactive and conversational way, without requiring the development of a complete
computer-based learning environment and accompanying agent for each topic that one wishes to teach.

We have begun a project to develop chatterbots for educational purposes. We began by initially building a
basic framework for an entertaining chatterbot, and are currently in the process of building directed
conversations around specific subjects for our chatterbot. The first of these will guide the user through a
dialog to discover the relation that describes Pascal’s Triangle. We are also building a conversational
pedagogical agent to support a language arts and word processing learning environment for 6" graders.
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Abstract: In this paper we present the project of an Internet shared instrumentation
laboratory for measurement on electronic circuits. The main project goal is to
perform experiments driving real instrumentation and controlling the real operational
conditions, working from any node on the network in a multiuser environment. We
realize a virtual presence into the laboratory since it is obtained through software
interfaces that remotely allow instrumentation control. The interaction with real
devices overcomes the tc?rpical limitations connected with simulation and leads to an
effective learning by doing educational environment. A measurement testbench
prototype has been implemented following the proposed model.

Introduction

Virtual reality has been successfully used to build experimental environments mainly addressed to the
reproduction of the aspect and the behaviour of physical systems. Complex models have been developed and a
high level of realism has been reached. We believe that virtuality is well suited to the "learning by doing"
approach of technical disciplines where the experimental work is an essential support to the learning process of
theoretical topics. Practice is often constrained by the availability of proper resources. A virtual approach and
computer networks can provide instrumentation access for a wider community. The effectiveness of virtual
laboratories as experimental environment depends on the level of realism obtained by the operational conditions
and on the simplicity and robustness of its software interfaces (Ferrero, A. 1999, G. Orange, G. 2000).

We are working on the project of an Internet shared instrumentation laboratory for measurement on electronic
circuits. The project is addressed to drive real instrumentation and to control the real operational conditions,
accessing the laboratory from any node on the network in a multiuser concurrent environment.

We realize a virtual presence into the laboratory since it is obtained through software interfaces that remotely
allow instrumentation control. A big effort has been addressed to the implementation of these interfaces in order
to lead to a high level of interactivity and reproduce, as far as possible, the laboratory environment. It is worth
noting that the interaction with a real environment overcomes the typical constraints due to simulation-canned
drills and leads to an effective learning by doing educational approach.

A major problem concerning real instrumentation control comes from the contemporary interaction of multiple
users. In presence of instruments simulators, the software itself will provide coherency of the concurrent
experiments execution reserving a separate task for each user, by forking or instantiating new processes; on the
contrary, when real instrumentation is driven remotely, implementing coherency between actions and results for
each user is more complex. We need to manage many contemporary experiments: each experiment has its
actions queue, each user has to be sure to perform his/her own actions and observe the related results. The
instruments must be reset to their previous state before any new action in order to avoid unpredictable results.
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The experiment execution and management can be efficiently implemented through a laboratory server acting as
a manager able to separate actions and data belonging to each specific experiment.

Main tasks of this server are:

— identification of different workspaces for each experiment and reservation of resources for its execution;

~  scheduling of the execution of different requests addressed to the same instrument;

~ communication of action results.

The Project

The client-server paradigm is the basic architectural concept and the system functionality are distributed both on
the server and the clients. On the client side, a web-based interface to the laboratory allows to select the
experiments. The dialogue with instrumentation is developed by means of Java applets. On the server side the
system is based on a web server that introduces users into the laboratory, implements access control, lets them
select experiments and distribute instruments interfaces (e.g. applets). A specific application runs as a daemon
and takes care of the communication with the clients and of the concurrency of many experiments. This is the
core of the environment and can run on the same platform of the web server or on a dedicated one.

Our solution for the implementation of the system is based on the LabVIEW programming environment from
National Instruments (see http://www.ni.com) and Java. The hardware requirements can be satisfied by standard
PCs interfaced to the laboratory instrumentation. The laboratory core server has been developed using
LabVIEW, since it is a standard “de facto” in measurement and virtual control of instrumentation.

The client application is completely platform independent. It has been developed using the AppletVIEW Toolkit
(see http://nacimiento.com/AppletVIEW/) that represents an effective solution for the integration of Java and
LabVIEW. By this way no specific requirements exists for the client that can work through a Java enabled
standard browser. The applets open a dedicated communication channel with the laboratory server using a
specific TCP/IP port. All the data are passed through this dedicated channel until the end of the session, when
the channel is closed and all the resources released. A measurement testbench has been implemented following
the proposed model. In Figure 1 a sketch of the system architecture is shown. A waveform generator and an
oscilloscope are the instruments available to conduct measurements on circuits under test. Registration and
authentication tasks are carried on the basis of a user database and activity logs are available.

TOTAY e Mrvmmit

T

Figurel: The laboratory prototype
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Abstract: The paper presents the architecture of student self-evaluation and on-line
assessment system TestTool. The purpose of the system is to improve the web-based self-
instructional mode of learning, grounded on the constructivist model of education. The
TestTool assessment engine along with traditional types of questions includes a new question
type, called as ‘graphical construct’, which is addressed to assess real problem understanding
rather than recalling and looking for correct answer among a few predefined alternatives.
TestTool is realized in JAVA and uses Oracle as a repository for various assessment data.

Introduction

With advancements in network-based learning Computer-Assisted Assessment (CAA) is being increasingly
used in higher education institutions. CAA is seen as particularly appropriate for knowledge-based subjects with
recall and recognition skills predominating. Typical subjects being taught at our technological university belong
to category of science and technology where understanding of processes or constructions is needed. Engineering
studies are based on knowledge building via real understanding how process or construction works as a whole.
This real understanding must be achieved through accumulating subject knowledge base as well as through
developing skills. CAA environments currently in use helps mainly to assess level of knowledge, but have
limited skills testing possibilities. In this paper we focus on distinctive features of CCA using TestTool system
developed at our University under the EU funded project MATEN. We will also discuss on results of extensive
usability test from the tutor’s point of view.

Graphical construct question

The TestTool is comprised of three software modules — Tutor, Author, Student — to work together using data
stored on database server. Technologically it is implemented in Java and due to many practical exploitation
reasons is linked with Oracle database.

For authors and users as testing facility the system exposes a new significant feature. The TestTool assessment
engine along with traditional types of questions such as various forms of Multiple Choice (MCQ) includes a
new possibility addressed to assess real problem understanding rather than recalling and selecting a correct
answer among a few predefined alternatives. That new type of question has been called as ‘graphical construct’
question (GCQ). The concept of the GCQ is in giving a student the task to create or assemble a correct
construction from a set of objects displayed in constrained area on the screen, called a ‘graphical panel’. Non-
movable objects are put in their fixed place, movable objects may be dragged into any place within the panel
area. Behind the scene there is a correct construct created by the author, which is used by assessment engine
when student submits his answer. Correctness is defined by checking whether movable objects were actually
positioned in a proper place relatively to other objects.

To prove the strengths and weaknesses of the approach, self-evaluation exercises and summative assessment
questions for the course module “Data Structures” were prepared. Three test sequences have been designed in
accordance with content of the module (Tab. 1). Each sequence includes a given number of questions, which are
selected randomly from a stock of variants during the testing session. The Test III includes mostly a GCQ type
questions.
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No. of | Stock of variants for exercises Stock of variants for summative Average
Test questions assessment time in
Sequence ina Total Includes GCQ Total Includes GCQ min. to
sequence Simple [ Complex Simple | Complex | take a test
Test | 6 49 - - 49 - - 4-8
Test [I 5 40 12 - 65 27 - 8-12
Test 111 5 28 7 21 55 - 31 12-30

Table 1. Quantity of questions in the tests.

A rather simple example of GCQ is given on the Fig. 1. It is the view, which is seen by author when he sets up a
single test question. The display is split into two graphical panels: left hand side is the area where question or
task situation has to be created by selecting and drawing objects using graphical editor and menu. Equally on
the right side panel author provides a desirable solution of the task, which must be stored as anticipated answer
in the database. Definitely, a student taking a test receives only a left hand side view.

{ Author's progiam - Tampere
Ruestion New Object New Geaphical Object Edit Abowt Esit

"waste” "waste"

20 60 20 ]

(10 15 [26 ] [63 | (10 15| [26 63]
Delete 60 from the Bayer tree Delete 60 from the Bayer tree,

Fig. 1. The example of graphical construct question.

Lets have a look into left-hand side task panel. Bottom line is a task — to delete element 60 from the initial
Bayer tree. A student has to make a several displacements and/or substitutions in order to obtain a correct data
structure, i.e. Bayer tree. During the usability experiment it has been proved that performing such kind of
constructive activities learners comprehend and gain data structures understanding rapidly.

The usability test has been done in real teaching setting when delivering “Data Structures” course module for
CS undergraduates. The 266 students were registered. They took tests in training mode first, after that did
examination test and were graded. The www discussion board and E-mail facilities were available for students
to communicate among themselves or with tutor, also they were asked to express their opinions regarding
content and procedure of assessment using TestTool. In general, students’ appreciations were positive.

Discussion

In current CAA systems dominate various forms of MCQs and Open Questions(OQ) are also in use. A standard
web programming means can be used for MCQs implementation quite simply and cheaply. From didactic point
of view, however, multiple choice significantly restricts students’ activity and does not support constructivistic
mode of learning. On the other hand, OQs allows students to construct their answers and provide them in most
suitable and clear for them form. But checking for correctness of such answers still is not computerized and
must be performed by tutor. In the case of growing number of students it becomes increasingly less acceptable.
The GQC, we think, falls in between of these two extremities. This type of question allows to simulate
constructivistic mode of learning. The mechanism to define correctness of answer using location of the objects
within constrained area in some extent is a weakness of the concept. It is because a student may drag any
movable object into approximately correct location, but it could be ‘not enough a bit” to hit a target area for this
object. The use of GCQs in practice clearly proved, that new didactic possibilities opened for tutors outweigh
this kind of weakness. It should be anticipated, however, that it is quite difficult to create reasonable set of
GCQs in a given subject area. Since TestTool technology allows to realize the given GCQ scenario easily, it
becomes worthy to do. The usability experiment, in which participated 266 students and three tutors, proved the
correctness of the approach, also disclosed some drawbacks suggesting further improvements for developers.
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Abstract: This paper proposes an ISD approach for the design and development of a basic
Networked Information and Communication Literacy Skills (NICLS) module. The need for such
courses as pre-modules for on-line distance education programmes for professional adults is
presented and discussed. Furthermore, and as part of the design process the paper discusses and
defines information and communication literacy and its main aspects. The curriculum is then
designed using an experiential learning approach and the resulting web based educational approach
presented and described.

Motivation

Online environments, and the use of the WWW in online courses, have been seen as the most recent educational
panacea to try and provide students with such skills as online communication, online discussion and negotiation of
meaning (Bowskill, 1998). The emergence of new educational approaches and epistemologies, such as
constructivism and problem based learning, have also been identified as possible ways of fostering and promoting
the mentioned skills (Nunes et al., 2000; Pincas, 2000).

As a consequence, students feel compelled to undertake new methods of instruction and provision without being
properly equipped with the basic skills required explore a networked learning environment. In fact, students are
expected to developed high cognitive skills such as negotiation of meaning, long-life learning, reflective analysis and
meta-cognition without being properly trained in low-level skills such as the use of computer mediated technology,
online etiquette, web navigation, and web searching. These skills were identified by Nunes et al. (2000) as basic
networked information and communication literacy skills (NICLS) and are required to succeed in the online learning
environment to which students are exposed, but also an essential part of all aspects of daily networked activity.

This paper concentrates on the design and development of a NICLS core skills pre-module for the MA Information
Technology Management (MA ITM). The course is entirely a distance learning programme and course participants
are professionals in the Information Technology (IT) sector. In previous years, it was assumed that, because of their
professional and technical background, they would posses this type of skill, and therefore, that no particular training
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was required. This resulted in under-usage of existing online resources and consequently under-performance and
failure to match student and tutor expectations.

Educational Hypermedia Development Methodology

An educational web application can be seen as an instructional system, in the sense put forward by Nervig (1990): as
sets of interacting, interrelated, structured experiences that are designed to achieve specific educational objectives,
but organised into a unified dynamic whole. Hence, the design of such an hypermedia application should result from
the design specifications emerging from the process of analysing curricular problems.

To design and implement these web-based applications, practitioners require instructional systems design (ISD)
frameworks. The importance of this overall ISD rests in assuring that the whole environment is implemented using
the same learning theory (Nunes, 1999). In fact, if not carefully planned, the web-based environment could result in
a mix of eventually conflicting techniques from different theoretical perspectives.

Therefore this paper discusses the design and development of web-based applications for higher education (HE).
Academic learning is here seen as an active process in which meaning is developed on the basis of experience, in
accordance with the constructivist theoretical frame (Laurillard, 1993). So, to develop web applications in keeping
with a constructivist approach, it is important to have an understanding of the kind of specifications that will result
from constructivist instructional design (Tam, 2000).

Constructivist Instructional Design

In the design and development of our web based application the
ISD model shown in Fig. 1 was used. Since according to the
constructivist philosophy, knowledge domains are not readily
separated in the world, information from many sources bears on
the analysis of any particular subject matter and it is not possible
to isolate units of information. A central core body of
information must thus be defined in the curriculum design, but
boundaries of what may be relevant should not be strongly
imposed. Instead of dividing the subject matter into logical
analysis of dependencies, the constructivist approach turns
Development of the different toward a consideration of what users of that knowledge domain
components do in real life contexts. The ultimate goal of this approach is to
move the learner into thinking in the knowledge domain as if
he/she were an expert user of that domain Bednar et al. (1992).
The designer should then define simplified but still authentic
tasks to be experienced by the learner. The goal is to portray
authentic learning activities, not to define the structure of
learning to achieve the tasks, since it is the process of
constructing a perspective or understanding that is important and
no meaningful construction is possible if all relevant
information is pre-specified (Bednar et al., 1992).

Curriculum design

Design and specification of the
Learning environment

User Participation

System Test and Field Trial
Additionally, curriculum design must ensure that activities are

situated in real world contexts, are authentic, and provide
Installation and Maintenance multiple perspectives on the subject matter. Some degree of
coaching or guidance must be provided, by including
meaningful examples and the different perspectives of experts
and peers. A central strategy for achieving this consists in

Fig. 1 General ISD  framework providing collaborative learning environments including
adapted from Croft (1993) and Nunes computer mediated communication (CMC) facilities.
(1999).

CMC allows both  peerto-peer and  peer-to-tutor
communication. Additionally, access to extra information
sources must be enabled in order to allow different learner’s needs to be satisfied.
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It is in the design phase that all the components of the learning environment required by the curriculum design are
defined and specified. During the development phase the learning environment is implemented according to the
specifications coming from the design phase. Since different types of educational technologies may be needed, to
implement all the planned activities, examples and communication channels, different development methodologies
may then be applied. Finally the hypermedia application must be system tested and field-tested as an embedded
component in the overall learning environment.

Web Application Development Methodology

The software development methodology that best supports the production of web-based educational applications is
the rapid prototyping approach. A rapid prototype is a simplified and untested equivalent of the actual application,
performing all the ‘basic functions
specified for the final product (Howell,
1sD 1992). As shown in Fig 2, by
Y| Specifications ] implementing a prototype first, the
| Post- - | delivered by ID. hypermedia designers are able to put
forward a fully functioning application,
presenting all the basic features of the
1SD 4 final product such as: user-interface,

SystemTest — |....................... »| Rapid Prototypef link structure and coaching facilities.
and FieldTrial interface and \ This is not a diagrammatic

functional structure, . . - .
\ \ approximation or representation, which

tends to be looked at as an abstract
Production and Design of user- the specifications for the application.

thing, but an actual implementation of
Handover interface and link

structure.

These prototypes can be realistically
tested and assessed and rapidly changed
in an iterative manner until consensus is
- reached. Evaluation and testing of
Testingboth
technical and Implementation these prototypes must be done by
instructional instructional designers and ideally
include pilot tests using target learners.
Furthermore, web-based applications
are inherently different from other
software applications. The volume of
actual code produced in scripts is
relatively low and emphasis is put in user-interface design, link structure design and definition of content entry as the
different multimedia components. These characteristics, along with widespread availability of authoring tools, make
it possible for rapid development and testing of prototypes.

Fig. 2. Rapid Prototyping Hypermedia Development Cycle.

Curriculum Design for the NICLS Module for Online Distance Education

NICLS can be defined, as the skills required to use networked communication and information' technologies to
support networked learning activities. Goodyear (2000) defines ‘networked learning’ as:

“learning in which information and communications technology (ICT) is used to promote connections: between one learner and other
learners, between learners and tutors, between a learning community and its learning resources”
(Goodyear, 2000: 9).

Therefore, NICLS can clearly be divided into two main categories: CMC and information skills. CMC skills are
related to the interaction of the student with the learning community and have very different features from both
written and spoken language as proposed by Yates (1993,1995). Information skills are required due to problems of
information anxiety and overload as well as access to the learning resources caused by the erosion of information
boundaries (Pincas, 2000).
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The curriculum being proposed was based on this theoretical framework as well as a preliminary survey of student
requirements. This survey suggests that the latter of the two initial categories identified above, needs to be further
subdivided. In fact, students have two main difficulties when using on-line resources: finding and evaluating them.
Consequently the syllabus for the NICLS module was designed around the three main topics:

¢ Online Collaboration and Co-operation;

e Information Searching and Retrieval;

e  Evaluation of Networked Information Resources.

The Pedagogical Approach

A constructivist pedagogical approach has been considered for the design of this module. The following
assumptions are behind the selection of this approach:
¢ that learning involves an active process of construction on the part of the learners at individual and social
levels, rather than the passive reception of data;
e that the role of the tutor is that of a facilitator to support independent engagement in the process of
construction, “scaffolding” the learning environment by providing relevant resources;
¢ that collaboration and peer support relationships are as essential features as those of the educators in order
to engage in dialogs and explore multiple perspectives, exchanging experience, ideas and feedback;
e that learning activities must be authentic and situated within a real context if learning and skills are to be
transferred easily into another contexts;
e that course design should engages with learners’ individual experiences and encourage ownership of, and
motivation to learning.

However, and as discussed by Wilson (1993) constructivism is a philosophy not a strategy, that is, constructivism is
an epistemology of learning rather then a framework of teaching (Fosnot, 1996). Consequently as argued by Nunes
(1999:53-57), educational practitioners require a clearer educational framework to design their courses.
Experiential learning is a framework that can be used as a constructivist tool as described by Nunes and Fowell
(1996). This course was designed using this approach. The aim is to encourage participants’ awareness of and skills
in reflective practice, i.e. learning by doing. Thus, the course has been based in a selection of activities, which aim to
encourage learner's engagement with all the phases of the experiential learning cycle.

The course design comprises a blend of activities to set within the same platform in which learners are going to
undertake their masters’ degree - WebCT. Therefore it promotes a hands-on and authentic learning environment
conducive to collaborative learning. The NICLS course was structured according to the course outline presented in
Appendix 1.

NICLS Module Design and Development

"'"'"’"‘ , -] Since the NICLS module is supposed to be a
-—————— - preparation module for on-line learning and

‘Departmett of Information Studies “| in a constructivist environment learning
o ; activities have to be situated, it was a natural
MA In IT Management | | choice to implement the module using
il\'ii’iI;S._Cl)urse { WebCT. Design tasks involved choosing

appropriate facilities and WebCT tools.
Development  consisted in preparing
. facilities and tools for student use. The
@ . ,ﬁ; @@, ! resulting environment was prototyped with

b the participation of both lecturers and
current students. An illustration of the
current iteration of the course is shown in
Fig. 3.
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course map. Course Activities provides links to the activities of the week, previous activities and reference materials.
The Bulletin Board is used as open posting facility open to all. NICLS Café is an informal social space open to all
participants. Specific conferences and chat rooms are created for specific activities. Finally, the NICLS FAQ is a
frequent asked questions facility that aims at collecting students questions, comments and anxieties about the course
and provide an information repository for reification for future students.

Conclusion and Future Work

Implementing hypermedia educational applications means much more than just designing a few screens and
specifying their sequence (Nunes and Fowell, 1996b). Today, such an approach is not sufficient to support
effectively support the learning processes envisaged in constructivist, collaborative or experiential learning
philosophies. Understanding the web as an educational technology, and its role within educational practice, is the
key to the development of successful learning environments. Moreover, the way to prevent a backlash against the
use of this educational technology lies in recognising both the technical and pedagogic components of instructional
design and integrating them in a methodologically coherent manner. Rapid prototyping is an ideal approach, which
facilitates the integration of the different agents in educational software development: the subject matter experts, the
instructional designers and the software developers.

However, designing good learning environments is clearly not enough to guarantee the success of the learning
process. In fact, learners that are supposed to use these environments, have to be trained and allowed to acquire the
skills needed to be successful on-line learners. The design and development process described in this paper is part of
an ongoing research on Networked Learning Support. The module presented is currently being tested with new
students enrolling the MA ITM course, prior to commencing their studies. The module and the instructional design
process used to design and develop it, need to be carefully and thoroughly evaluated. If successful, this module will
be used in all other programs in the Department, and eventually proposed as a University wide elective module.
Furthermore, it is thought that, after the evaluation process, both the module and the curriculum will have to be
remodelled regularly in order to accommodate the changing characteristics of both learners and networked
environment.
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The University of Sheffield
Department of Information Studies
Module Qutline 2000-01

Module Title: Basic Networked Information and Communication Literacy (NICL)
Module Code: ITMO000

Pre-Requisites: None

Status: core: MSc ITM approved: MA LIM, MScIM, MSc HIM

Credits: 0 credits

Timetabling: Induction Period

Lecturers: Dr. Miguel Baptista Nunes and Ms. Maggie McPherson

Tutors: Mariano Rico

Version Date: 99.12.15

Aims and Description:

This module aims to provide learners with a core competence of basic communication and information skills, prior to starting the
MA in ITM programme. This will allow students to effectively carry out the course learning activities in the selected web based
learning environment with. Consequently, the purpose of this pre-module is mainly to deliver a hands-on experience with the
tools and methods for networked learning that are to be used by learners in a web based distance education master's degree course.
The module also aims to encourage participants to work collaboratively with their peers, in order to become aware of the
potentials and constrains of networked learning.

Objectives:

By the end of the course, students be able to:

Demonstrate proficiency in the use of the technologies used for CMC;

Show awareness of the social factors affecting CMC;

Use and comply with the different conventions and etiquette for CMC;

Effectively communicate and work collaboratively on-line with both peers and tutors;
Formulate different searching strategies effectively;

Demonstrate the knowledge of criteria for evaluating online resources;

Evaluate the validity of search findings.

Methods/Course Delivery:

The module will be presented via a combination of online activities and tutorials. It runs for S weeks, prior to the start of the first
module of the MA in ITM programme. Students are required to spend about 6 hours per week with different learning activities.
Since participation is based to a large extent on on-line discussion and activities, students will need to set aside regular and
reasonably frequent times for on-line participation. However, although the level of weekly participation is set at 6 hours,
students’ weekly timetable for the course can be flexible to fit in with changing needs and work patterns.

Syllabus Content:

Week Theory Learning Activities
1 Introduction to the course and to the ethos of the learning | 1. Email
experience. Fundamentals of CMC. 2. Web Conferencing
2 Synchronous and  asynchronous Communication: | 1. Using Chat
technical aspects. 2. Case Study 1 Discussion
3 Synchronous and asynchronous Communication: social | 1. Case-Study 2 Discussion
aspects.Introduction to the Coursework Project.
4 Information Search and Retrieval in Networked | 1. Using Search Engines
Environments. 2. Using the Library Catalogue
3. Formulating Search Strategies
4. Case-Study 3 Discussion
5 Networked Information Evaluation 1. Case-Study 4 Discussion
2. Online production of the coursework
report.
Assessment:

No formal assessment is proposed for this module. Students will be assessed on a Pass/Fail basis by means of a group project that
involves the production of collaborative work.

Further details of the case study forming the basis of the coursework, along with a list of specific deliverables is presented during
the week 3.
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CREATING AND SUPPORTING ONLINE LEARNING COMMUNITIES

Philip Barker
School of Computing and Mathematics
University of Teesside,
Middlesbrough, United Kingdom
Email: Philip.Barker@tees.ac.uk

Abstract: Educational technology and the ways in which it is used have undergone considerable
changes over the last three decades. Various technology-driven ‘change agents’ have been
responsible for the ways in which this subject has evolved from ‘chalk and talk’ through
‘multimedia’ to sophisticated virtual reality training environments. Increasingly, educational
technology has to be used to support online communities of learners. This paper discusses some
of the issues involved and uses a case study to illustrate some of the important techniques that
are currently in use..

Introduction

Many new ways are now becoming available for using computer-based communications technology to
distribute and store online information. Such developments necessitate that we critically review the approaches
that we employ for the realisation of the basic infrastructures that are used for the support of teaching, training
and learning activities. This is especially so with respect to lifelong learning, work-based study, and
continuing professional development. With this objective in mind, this paper introduces and discusses a model
of teaching and learning that can be used as a basis for building new types of educational infrastructure based
upon the use of web-based resources, peer group interaction and online tutoring.

Fundamental to this approach to educational delivery is the creation of an online community of learners
involving students, academics, practitioners and subject experts. Members of such a community can interact
with each other in both a synchronous and an asynchronous fashion by means of appropriately designed
computer conferencing facilities, electronic mail and web-based resources. Naturally, the design and
implementation strategies that are used to create and support online learning communities must cater for a
variety of different study modes - such as individualised learning and situations that involve collaborative
group work. Of course, it is also necessary to ensure that the skills students develop are accredited in
appropriate ways using online assessment systems.

Some of the issues involved in designing and implementing online courses have been discussed in detail by
Barker (1999a), Barker and Giller (2001), Duchastel (1997), Carr-Chelman and Duchastel (2000) and Ryan et
al (2000). There is also a growing volume of literature available electronically through the Internet - both in
the form of written publications and contributions to discussion groups. The following section of the paper
briefly discusses some of the material that is relevant to the work that is described in this paper.

Some Basic Models

Three broad types of model are needed in order to understand, design and implement learning systems for
online users. The first of these relates to the communities of online users for whom the systems are designed,;
the important issues here are concerned with the ways in which online communities are formed and the ways
in which they behave (Preece, 2000). The second type of model relates to the role of technology in society and
the ways in which its ongoing development influences the nature of what people do, how they react and the
ways in which their goals and ambitions are influenced. The third type of model concerns the ways in which
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technology can be used in order to fabricate new types of educational system and new approaches to teaching
and learning. It is this latter type of model which is considered in the remainder of this paper.

The underlying model that we use to design electronic courses for online delivery has been described in detail
previously (Barker, 1999b). Essentially, this model depicts the relationships that exist between an online
learning community and the four major building blocks used to create an electronic course for such a group of
learners. The four essential components that we believe are necessary to build an online course are: (1) the
web-based resources that are needed to provide basic course content; (2) an online support infrastructure
(tutors and technical help); (3) the communication strategies that underlie course-related online dialogue and
student conversations; and (4) the various learning tasks undertaken by students during a given course. The
latter may be designed to support skill development activities or assessment procedures. Of course, the tasks
that students undertake during their studies will normally involve both individual study activities and group-
based working.

In order to support the tasks involved in group-based working it is necessary to have an underlying model that
describes the essential features of what is happening. In addition, appropriate tools will also be needed in
order to support the basic processes that are involved. The tools that are most often used are described and
discussed in the following section; this section therefore concentrates on the underlying model that we use for
the support of collaborative learning at a distance.

Some of the important generic models upon which human communication processes depend have been
described in detail elsewhere (Barker, 2000). Our model of collaborative online learning, through computer-
mediated communication (CMC) techniques, evolves naturally from these. At its centre, the CMC model
requires a problem space in which shared objects relating to an online learning activity can be created. The
CMC environment must then be able to provide a communication framework that allows two basic functions
to be realised. First, learners must be able to communicate with each other with respect to objects existing in
the shared problem space; second, they must have available an appropriate repertoire of commands to enable
objects in the shared workspace to be manipulated in various ways. Obviously, the power and utility of a CMC
environment will depend upon both the nature of the shared workspaces that it supports and the
communication/manipulation tools that it provides for its users. This latter issue is discussed in the following
section.

Communication Tools

If students are to learn from each other through dialogue and conversation in an online environment then it is
imperative that we put into place an appropriate infrastructure to facilitate their communication needs. A
variety of different electronic communication tools exist to support the delivery of online courses. Typically,
these include electronic mail packages, list servers, bulletin board systems and computer conferencing
packages.

Undoubtedly, electronic mail has become one of the most common methods of exchanging messages using
computer-based communication networks. Through the use of ‘attachments’ a wide variety of materials can be
exchanged — such as essays, digital photographs, sound clips, video footage and executable programs. Each of
these types of medium has a significant educational value in the context of online conversational activity.

~Although electronic mail is a powerful technique, it has many limitations for use within educational settings,

particularly online learning environments. For example, there are no simple mechanisms to allow message
threading to reflect the various dialogue strands that might emerge within an online discussion forum.
Furthermore, it is not easy to look at message histories in order to identify who has (or has not) read a
particular message. There is no control over who submits material and the nature of what is submitted, and so
on. For simple online support, electronic mail has many attractions. However, for more sophisticated use it
has severe limitations. More powerful CMC tools are therefore needed.
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Some of the other important tools that are often used within online learning environments include: a web
browser (of course); and programs that facilitate either the transfer of data files between users (such as ‘fip’) or
online ‘terminal’ sessions with remote computers (this is usually accomplished with ‘telner’). Together, these
three basic communication tools form an important ‘toolkit’ for users of online learning systems. However, as
is the case with electronic mail, these tools do not really provide many sophisticated techniques for the support
of dialogue processes between groups of students and/or tutors - of course, some browsers such as Internet
Explorer (Version 5) do provide a group networking capability.

Computer-conferencing systems represent an example of the type of tool that is now often used to create and
support online communities of learners (McConnell, 2000; Harris, 1999). Such tools often provide a wide
range of built-in facilities that allow many of the limitations of conventional electronic mail to be overcome.
Indeed, used in an appropriate way, alongside a suitably designed teaching web, a CMC system can provide a
rich and powerful facility for both student and staff support within an online learning environment. In the
case study that is described in the following section, a powerful computer-conferencing facility (SoftArc’s
FirstClass system) is used as a basic building block within the online course that is described.

Both Persico and Manco (2000) and Blanchfield et al (2000) have described some of the ways in which the
FirstClass system can be used in a teaching and learning environment. These latter authors provide a useful
summary of the facilities offered by FirstClass. Namely, its ability to allow its users to: send email to and
receive email from other users; browse, contribute and subscribe to special mail groups (called ‘conferences’);
exchange files with other users; and use other features, such as the real-time chat feature. Of course, the
system also provides many other “special’ facilities for tutors; these can be used to set up conferences, organise
students into tutorial groups and monitor what students are doing.

Naturally, the transition from a conventional teaching and learning environment towards one that is based on
online delivery of material (using the types of tool that were described above) has many implications for
students, teaching staff and educational organisations. Changes in organisational infrastructure are needed
and different types of working practice have to be developed. In addition, the expectations of students are
likely to change significantly. Some of the important issues involved in making the transition from a ‘chalk
and talk’ environment to a ‘web and email’ system have been described and discussed by Duggleby (2000) and
Salmon (2000).

Case Study

In this section of the paper the underlying approach that we advocate for the design and creation of online
courses will be illustrated by means of a case study involving the delivery of an electronic course that is taught
entirely online and which involves no conventional face-to-face contact with students. A description of the
basic objectives of the course is given along with a brief outline of how these are realised. The implications of
this approach, for future educational systems development, will be briefly discussed. Particular emphasis will
be given to the new roles that ‘online tutors’ have to play and the nature of the demands that are placed upon
them.

The online course that is used in this case study is a UK Open University (OU) foundation level course (7171)
entitled ‘You, Your Computer and the Net’. The aims of the course are to develop students’ understanding of
their personal computers (PCs) and the ways in which these can be used as a tool to explore the Internet and
facilitate study using the World Wide Web. These aims are realised through the utilisation of: an ¢legantly
designed web structure (hup://t171.0pen.ac.uk); a powerful computer-conferencing system (FirstClass); a
network of online tutors; a collection of skill development tasks; and an automated electronic assessment
handling system (ETMA). The T171 course was piloted in 1999 and then made available to students in 2000.
The course attracted a record (for the OU) 12,000 students
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Essentially, the T171 course is organised into three main web-based modules. These deal with: [1] the
development of both individual online learning skills and group learning in cyberspace (Module 1: Computing
with Confidence); (2] the history and development of the personal computer (Module 2: The Story of the PC);
and [3] the Internet and World Wide Web (Module 3: The Net, Where it Came from and How it Works). As
well as the web-based multimedia materials, there are two set books which students are expected to read. In
addition, the course is supported by a set of 15 online ‘Study Guides’ that tell students what they should be
doing at any particular time. For tutorial support, students are grouped into cohorts of about 20 students; each
cohort is then allocated to an online tutor.

During the course there are numerous practical exercises for students to undertake using their computers.
Some of these involve individual effort while others require collaborative group working. If students run into
difficulty while they are studying or while working on a practical exercise, they can contact their tutor either
by electronic mail or by telephone. The skills that students develop as a consequence of studying the 7171
course are assessed using a series of four ‘Turor-Marked Assignments (TMAs) and an ‘End of Course
Assessment’ (ECA). There are no formal examinations as such. Students are ‘graded’ according to their
performance in the TMAs and the ECA.

Three of the most important support tools used in the T/7/ course (from both a student’s and a tutor’s
perspective) are the online search engine, the FirstClass conferencing package and the OU’s own ‘Electronic
Tutor-Marked Assignment’ (ETMA) system. The search engine allows the whole 7/7] web site to be searched
(using words and phrases) to locate particular items of interest. The ETMA facility allows students to submit
their TMA and ECA materials from their personal computers to a central server at the Open University’s main
site in Milton Keynes. Subsequently, online tutors can download these materials (from the OU server) to their
PCs, mark them and then complete electronic feedback forms. These forms and the marked assignments can
then be uploaded from a tutor’s PC back to the OU central server for students to collect and inspect.

From a communications perspective, the FirstClass (FC) system is undoubtedly the ‘mainstay’ of the 7171
course. This can be accessed in two basic ways: either using a web browser or by means of software that is
installed on its user’s PC (this is called 'FC Client’). Of the two approaches to using FirstClass, the latter is
by far the most useful since FC Client provides far more capabilities - both for students and for tutors - and it
can be used in off-line mode. In addition, FC Client also supports real-time chat facilities. These can be used
to enable groups of students, with or without a tutor, to discuss issues arising from their studies. These
discussions take place in ‘real-time’, that is, while the participants are actually online.

As was mentioned above, the FirstClass facility allows various types of conference to be set up - both by the
‘course team’ and by regional online tutors. The creator of a conference can specify what properties that
conference has, who may access it and how it may be accessed (this could involve only reading, reading and
writing, and so on). Within any given conference, sub-conferences can be set up so that particular items of
importance can be discussed in greater depth. Usually, tutors act as moderators for the conferences that they
create - although, sometimes the responsibility for this can be delegated to one or more students within a given
‘tutorial group’.

Once a given presentation of the 777/ course is running, tutors involved in that presentation are emailed on a
fortnightly basis with instructions about what students should be doing. These regular ‘Tutor Guides’ give
tutors specific details of the various activities that they have to set up for the students in their tutor group.
Throughout the course, each tutor runs a tutor group conference to which any student in his/her group can
contribute. This main ongoing conference is supported by various other sub-conferences that are set up by
tutors in order to provide a forum for discussing and debating issues relating to different parts of the course.
As well as tutor group conferences, the T17! teaching team also sets up a variety of national and regional
conferences to which students and staff can contribute.

The FirstClass system is also used to provide help and support for the network of online tutors involved in

running the course. As an example of this, the ‘T!7] Teaching Team’ conference contains four sub-
conferences entitled ‘ Tutors Notices’, ‘Technical Help’, ‘Course Help’ and ‘FirstClass Training’. The ‘Tutors
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Notices’ conference, in turn, contains two further sub-conferences; these are entitled ‘Tutors Resources’ and
‘Study Guides’. These conferences can be used by T171 tutors in order to exchange ideas about the course,
swap teaching/tutoring techniques with each other and find solutions to the problems that they encounter.
Examples of some of the other online conferences that are available for staff include the ‘FirstClass
Reference’ and the ‘Staff Development’ conferences.

We believe that the case study described in this section of the paper provides a powerful example of the way in
which appropriately designed computing resources, Internet facilities and an international team of online
tutors can be integrated to produce an effective and scaleable online course. Indeed, we feel that there are
many important lessons to be learned from this case study by those others who are involved in designing and
producing online courses. These lessons relate both to technical/educational matters and the
organisational/logistical issues involved in co-ordinating and synchronising the activities of a large student
and staff population in order to create high levels of learning synergy.

Conclusions

The creation of sophisticated electronic courses to support communities of online learners requires the
provision and appropriate integration of four basic types of resource. In our opinion the important components
that are needed to build a successful online course are as follows. First, an appropriate web structure
containing the information that is to be assimilated and/or used as a basis for the course. Second, a range of
online communication strategies that allows students to exchange information and converse with each other -
and with their online tutors. Third, an appropriate set of problem-based tasks that will facilitate both the
development of skills and their accreditation. Fourth, a network of online tutors that can provide help,
assistance and motivation for members of the online learning community. Naturally, it is important that these
resources are integrated and synchronised in ways that will lead to the derivation of high levels of learning
synergy. This paper has introduced a model of web-based teaching and learning which will allow this goal to
be achieved. The relevance of the model has been illustrated (using a case study describing a dynamic online
course that involves no face-to-face contact with students) and some of the implications of such courses for
online tutors have been briefly discussed. This latter issue is discussed and debated in greater depth elsewhere
(Barker, 2001).
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